| The circle | - -- - 


It is the set of points of the plane which аге at а constant distance from а fixed point 
in the same plane. 
“Тһе fixed point is called "the centre of the circle". 
“Тһе constant distance is called "the radius length of the circle". 
* The circle is usually denoted by its centre » so we say 


the circle M to mean the circle whose centre is the point М 


Partition of the plane by the circle 
Any circle divides the plane into three sets of points which are : 
и. The set of points of the circle. 

The set of points inside the circle. 


E The set of points outside the circle. 


For example : 
The drawn circle in the opposite figure divides the plane into : 


The set of points of the circle «on (Іһесігсіс» as : А » B C s... 
The set of points inside the circle as : D E F >... 
The set of points outside the circle as : Z » К 5G >... 


So „Ше surface of the circle differs from the circle. 


For example: 


In the opposite figure : 
* AB N the circle = {C , D} but AB N the surface of the circle = CD 
“М the circle but M € the surface of the circle. 
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The radius of the circle 


It is a line segment whose endpoints are the centre of the circle and any point on 
the circle. 
In the opposite figure : 

If the points A » B and C belong to the circle М» 

then MA » MB and MC are called radii of the circle M 

and МА = МВ = MC =r (where r is the radius length of the circle). 


. | Notice that : | 


a 


Él Any circle has an infinite number of radii and all of them are equal in length. 


If two radii of two circles are equal in length »then the two circles are congruent 
and vice versa. 


| The chord of the circle 


It is a line segment whose endpoints are any two points on the circle. 


In the opposite figure : 
If A > B and С belong to the circle M ; 
then each of AB » AC and ВС 
is a chord of the circle M 
| | Notice that : | іі . шайға vu 
EF is not a chord of the circle M because EG the circle M 


— —— — — зант Á- — —— 


The diameter of the circle 


It is a chord passing through the centre of the circle. 


In the opposite figure : 
If Misa circle „АВ is a chord of it 


, MC AB then AB is a diameter of the circle M 
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| Notice that : | | 


ED Алу circle has an infinite number of diameters and all of them are equal in length. 


| E The diameter of the circle is the longest chord of the circle » and its length = 2 г 


The circumference of the circle and its area 


“Тһе circumference of the circle = 2 Лг 
“Тһе area of the circle = Л r^ 


Symmetry in the circle 


* Any straight line passing through the centre of the circle 
is an axis of symmetry of it. > 
* Since the number of these straight lines are infinite 4 


then the circle has an infinite number of axes of symmetry. | 


( Important corollaries 


Corollary 1 ) 


The straight line passing through the centre of the circle and the midpoint of any 
chord of it is perpendicular to this chord. 


In the opposite figure : 
If AB is a chord of the circle Mi | 
and C is the midpoint of АВ.» then МС.І-АВ 


Corollary 62 


The straight line passing through the centre of the circle and perpendicular to any 
chord of it bisects this chord. 


In the opposite figure : 
If AB is a chord of the circle M and MC | AB > where С C AB » then 
C is the midpoint of AB 
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CAMS | 0 ] 25  lL 1 


The perpendicular bisector to any chord of a circle passes through the centre of the circle. 


In the opposite figure : 

If AB is a chord of the circle М , С is the midpoint of AB 
and the straight line L L AB from the point С, 

then M Є the straight line L 


From the previous, we deduce that : 


The axis of symmetry of any chord of a circle p asses th "0 
» so this axis is also an axis of symmetry of the cir 


In the opposite figure : 

AB is a chord of the circle М, 
m (Z D) = 25? 

and m (Z MAC) = 40? 


Prove that : 


C is the midpoint of AB (Kafr El-Sheikh 09) 


444 In the opposite figure : 
AB and BC аге two chords in circle М, 
which has-radius length of 5 ст.» 
MD L AB intersectS AB at D and inersects the circle M at E > 
X 1s the midpoint of BC ,AB=8cm.;m (Z ABC) = 56° 
Find : (1) тё DMX) The length of DE 
(El-Menia 19 » El-Gharbia 17 » Souhag 15) « 124° „2 cm. » 
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In the opposite figure : 

AB and АС are two chords of the circle М, 
m (Z ВАС) = 45° ; 

D and E are the midpoints 

of AB and AC respectively. 


Prove that : A DFM is an isosceles triangle. (New Malley 05) 


1 In the opposite figure : 

M is a circle of radius length 13 cm. » 
AB is a chord of length 24 cm. › 

C is the midpoint of AB 

and MC f circle M = [Di 

Find : The area of the triangle ADB 


{11 In the opposite figure : 

M is a circle › AB // СО» 

X is the midpoint of AB 

and XM is drawn to cut CD at Y 

Prove that : Y is the midpoint of CD (El-Menia 18 » Assiut 18 » Aswan 15 » Alexandria 13) 
1 In the opposite figure : 

AB and AC are two chords in circle M 

that includes an angle of measure 120%, 

D and E are the two midpoints of AB and AC 
respectively.» DM and EM are drawn to intersect 

the circle at X and Y respectively. 

Prove that : The triangle XYM is an equilateral triangle. 


In the opposite figure : 

AC = AB » X is the midpoint of AB › 

Y is the niidpoint of AC > 

т (4 MXY)= 30° 

Prove that : The triangle AXY is equilateral. (Assiut 14) 
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Ld In the opposite figure : 

Two concentric circles with centre М › 

AB is a chord of the greater circle 

and intersects the smaller circle at C » D 

and ME L AB 

Prove that : AC - BD 

LJ In the opposite figure : 

ABC is a triangle drawn inside a circle with centre 

M (inscribed triangle) › MD L BC and МЕ L AC 
Prove that : 

ED // AB (ifr El-Sheikh 16 » El-Beheira 13) 
_2) The perimeter of A СОЕ > the perimeter of A АВС 
— In the opposite figure : 

AB is a chord of circle М, 

AC bisects Z BAM and intersects circle M at C 

If D is the midpoint of AB 

Prove that : DM L CM 


In the opposite figure : 
AB is a diameter in circle M 
, BA NDC = М) 

Prove that : NC > NA 


In the opposite figure : 

AB is a diameter of the circle М, 
CD is a chorthof it » XC LCD 
and YD Ср 


Prove that : AX = BY (Sharkia 09) 
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^ А AMD is an isosceles triangle. 
.т(/ DAM) = т (2 ADM) = 25° 

^ m (2. DAC) = 25° + 40° = 65° 

^. In A ADC: 

т (Z ACD) = 180° — (25° + 65°) = 90° 
г. DC LAB “MEDC 

^, C is the midpoint of AB 
су XisthemidpointofCB — 

-. MX 1 BC 

7. т(2 DMX) 

= 360° — (90° + 90° + 56°) 

= 124° (First req.) 

‚> MDL АВ 

. Dis the midpoint of AB 

^ ADz4cm. 

In A ADM : 

"mí(Z ADM) = 90° , АМ =г= 5 ст. 


(АМ) - (ADY =ү25-16 


=19 = 3 ст: 


` D is the midpoint of AB 
г. MD 1 AB 


(Second req.) 


“. m(Z ВОМ) = 90° similarly m (Z MEA) = 90° 


^. From A AFE : т(2 ОРМ) = 45% 

and from A DFM» m kt DMF) 45° 
^. A DFM is an isosceles triangle. 

' C is the midpoint of AB 

г. МО 1 AB 

In ААСМ: с m(Z ACM) = 90° 


(Q.E.D) 


^. (МС)? = (АМ)? АС)" (Pythagoras! theorem) 


^. (МС)? = (13)? - (12)2= 25 
,Ср-Мр-МС-13-5-8ст. 
г. The агеаюѓ А ADB = = 


1 
2 


“МС = 5 ст. 


х 24 x 8 = 96 cm 


(The req.) 
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г X is the midpoint of AB 
. МХ L AB * m (Z AXY) =90° 
с AB // CD » XY is a transversal 
” m(Z ХҮР) = m(2AAXY) 
= 90° (alfernate angles) 

^. Y is the midpoint of CD 

‘. D is the midpoint of AB 

> MD £ AB 

7" Eis the midpoint of AG/ С. МЕ L AC 

^. m 62 DME) = 360%- (120° + 90° + 90°) = 60° 
5 пиг XMY)sm (2 DME) = 60° (У.О.А) 
г“ МХ = МҮ =ù 
> A XYM is amequilateral triangle. (Q.E.D) 
7" X is the midpoint of AB 
г. MX DAB 
^. i (GL AXY) = 90° — 30° = 60° 
v АВЕАС .-АВ--АС 
" АХ = АҮ ‘~ m(Z АХҮ) = 60° 


г. А АХҮ is an equilateral triangle. (Q.E.D.) 


In the great circle : 
> МЕ 1 АВ ^. E is the midpoint of АВ 
.. АЕ = EB (1) 
In the small circle : 
* ME LCD > Eis the midpoint of CD 
-. CE = ED (2) 
Subtracting (2) from (1): ~. AE- CE = EB - ED 
^ AC = BD (Q.E.D) 
© MD L BC г. D is the midpoint of BC 
е ME L АС ^, E is the midpoint of AC 
„ААВС: 
"^ D and E are the two midpoints of BC and AC 
respectively. 


>. ED// AB (Q.E.D 1) 


| Page [ 7]- Prep [3 ] – Second Term - Geometry - Unit [ 4 ] - Lesson [ 1 ] - Mr. Ма. Esmaiel | 


| Page [ 8 ] - Math - Mr. Mahmoud Esmaiel - Mobile : 01006487539 - 01110882717 | 


2 Dis the midpoint of BC 
. DC» 4. BC 
> Bisihe midpoint of AC 
. EC» 4 AC (2) 
'" D and E are the two midpoints of BC and AC 
respectively. 
^. РЕ = d AB (3) 
Adding ( T : (2) and (3) : 
2. The perimeter of A CDE 
- 1 the perimeter of А ABC (Q.E.D. 2) 
In AAMC: 
~ АМ=МС=г ..m(ZMAC)=m(Z ACM) 
~ m(Z ВАС)-т(/ MAC) 
^ mí(Z BAC) = т (2 ACM) and they are 
alternate angles 
2. АВИ СМ 
^ D is the midpoint of AB .. MDLAB 
7 АВ/СМ | .DM1CM (Q.E.D) 
In A MNC ; ~ NC + MC > NM (triangle inequality) 
s» МА= МС =г * NM=AN+MA | 
^ NC+MC>AN+MA 
^ МС > АМ (Q.E.D.) 
Construction : | 
Draw ME 1 CD to cut it at E 
Proof: >> ME L CD 
^. Е 15 the midpoint of CD X 
4т(/ XCE) = т (/ МЕР) = 90* 
but they are corresponding angles 
» XC // ME similarly ME // YD 
г. XC // ME // YD 
> XY and CD are о transversals to them 
‚СЕ = ED “XM = MY 
" AM = BM=n Х“АМ-ХМ-ВМ-МҮ 
,АХ-ВҮ (Q.E.D.) 


Page [8 ] – Prep [3 1- Second Term - Geometry - Unit [ 4 ] - Lesson [ 1 1- Mr. Ma. Esmaiel | 


| Page [1 ] - Math - Mr. Mahmoud Esmaiel - Mobile : 01006487539 - 01110882717 | 


If M is a circle of radius моц гапа А is а pm in its x— 9 then : 


а rM т==г мышты. „шш AAA — 


| o A is outside the circle M [ Oa Ais on the circle М | 9 Ais inside the circle M - 
A 


| 


——— ИМА>г ———^— —— IfMA=rQ4—\—*> IfMA«r -—— 
Position of a straight line with respect to a circle 


гт М Then ТА The figure ^T Ww А Notethat m 
L 


1 The straight line L 
lies outside 
MA>r the circle M 


* LAN the circle M = Ø 
* LAN the surface of the circle M = Ø 


The straight line L is 
a tangent to the 


2 circle M atA а)! “Г.П the circle М = {A} 
МА =г А % ауес * Lf the surface of the circle М = {A} 
the point of 
tangency" 


A — 


e LN the circle M = (X » Y] 
* L N the surface of the circle M = XY 


3 The straight line L is 
а secant to 


MA «r the circle M D) | | 
* X Y 15 called the chord of intersection 


а the two endpoints of a diameter 


— as ч — ыы b -—— — mn "n — «ж E ы ab 
Es — =Z lis же анец Влае Аре o а 2 ет. а = 
— E 3 3 
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( Two important facts 


ee a | ee 


| o The — to a circle is perpendicular | | e The жамы line which is perpendicular | 
| to the radius drawn from the point | | to the diameter of a circle at one of its 
| of tangency. | | endpoints is a tangent to the circle. 


ee 
| 
| 
| 
| 
| 


| 


| 


| 
| 


I.e. Ғғ AB is“ diameter of the circle M and 
the straight line Lal AB at the point A » 
thy L is à tangent to the circle M at the point id 


i.e. if the straight line L is a tangent to 
the circle M at the point А, 
| then MA l L 


|__ ©» 
| 
| 
| 


In the opposite figure : 

BC is a tangent at B 

sm (ZC) = 45° 

‚ D is the midpoint of AH 

Prove that : DAZ DM (Aswan 11) 


In the opposite figure : 

AB is a diameter in the circle М, 

ACisa tangent to the circle at A> 

m (Z DMB) = 100° 

Find by proof : 

i1 m (4 ACB) 

2 m(ZCDM) (El-Menia 11) « 50° » 140? » 
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LJ In the opposite figure : 

M is a circle with radius length 5 cm. > 

XY = 12 cm. » MY f circle M = {Z} 

and ZY = 8 cm. 

Prove that : XY isa tangent to the circle M at X 


(Matrouh 17 s South Sinat 16 з Qena 15% El-Beéheira 14) 


1 In the opposite figure : 

AB isa tangent to the circle M at A 5 
MA-8cm.»m(Z ABM) = 30? and AC L MB 
Find : The length of each of AB and AC 


(Giza 19 s Matrouh 18 » New Valley 18 » EbMonofia 14) « 843 cm. +443 ст.» 


In the opposite figure : 
Mis a circle » XY isa tangent to the circle at X 
; MY N the circle M = {Z} ; 
22 Ro Ү 


(El-Menia 13) « 5 cm. » 


In the opposite figure : 

AB and AC are two tangents to the circle M 

» touch it at B » C respectively 

and m (Z BAM) = 25? 

4) Prove that : MAcbiseets Z BMC 

Find : m (Z BMC) (Port Said 17) « 130? » 
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In the opposite figure : 
AB is achord of the great circle and touches 
the small circle at C » AB = 8 cm. and the 


radius length of the great circle = 5 cm. 


Find : The radius length of the small circle. 


In the opposite figure : 

DC touches the circle M at C » AB // МО, 
m (Z BAC) = 80? » m (4 MDC) = 20? 

and AC f) MD = {Е} 


Find : m (Z ECM) ( Beni Suef 05) « 30? » 


AB is a diameter in a circle of area 36 л сш?» BC isdrawn a tangent to the circle at В » if 


m (Z ACB) = 60° , then calculate the area of A ABC ( El-Dakahlia 14) « 2443 cm? » 


Prove that : The points A (3 »— 1) » В (—4 » 6) and C (2 »— 2) are located in circle whose 
centre is the point M (— 1 » 2) «then find the circumference of the circle. 


( El-Beheira 11) «10 Л length units » 


LL If CD is a diameter of circle M Where M (1 » 1) » D (3 »—2) 


Find : The equation of the tangent to M at C (El-Dakahlia 11) «у =2 


In the opposite figure : 
AB touches the circle M at B.5 CD is a diameter of it » 
m (Z BAM) = X? and m(Z MDB)z2 X? 


Find : The value of Xin degrees. 


In the opposite figure : 


Two circles. are concentric at M 


» ABis a'chord in the greater circle and touches 
the smaller circle at C » if AB = 14 cm. 


Find : The area of the part included between the two circles. —(El-Dakahlia 19) « 49 Л cm? » 


а AEE т ота CEA Page [ 4] – Prep [ 3 ] - Second Term - Geometry - Unit [ 4 1- Lesson [ 2] - Mr. Ma. Esmaiel | 


— Page [ 5] - Math - Mr. Mahmoud Esmaiel - Mobile : 01006487539 - 01110882717 L— 


In the opposite figure : 
М and N are two congruent circles » 
AB is a common tangent to them › 


C is the midpoint of AB ; 


the circle M N MC = {X} , ће circle NC) NC = ТҮ) 
Prove that : [T] AB // MN 
A CMN is an 1sosceles triangle. 
(8] XY // MN (El-Kalyoubia 04) 
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If a straight line L is a tangent to the circle M whose diameter length is 8 cm. » then L 


is at a distance of cm. from its centre. (Souhag 19 » El-Kalyoubia 18) 


(a) 3 (b) 4 (c) 6 (d) 8 


A circle M is of radius length 5 cm. » A is a point outside the circle.» 

then MA equals m. (бһағШа 03) 
(a) 3 (b) 5 (c) 8 (d) 4 

If the diameter length of a circle is 8 cm. and the straight line.L is at distance of 3 cm. 
from its centre » then the straight line L is (Damiétiad6 • El-Menia 14) 
(a) a tangent to the circle. (b) a secant to the circle. 


(c) outside the circle. (d) an axis of symmetry of the circle. 


If M is a circle its diameter length = 14 ст.» MA = (2 X+ 3) ёт. where A is a point on 
the circle » then X = ·......... (El-Kalyoubia 17 + El-Sharkia 15) 


(a) 5 (b) 3 (c).2 (d) 1 


(13 AB is a diameter in a circle М.» AC and BD are two tangents to the circle > 

then AC BD (Alexandria 13) 
(a) intersects (b) is perpendicular to 

(c) is parallel to (d) is coincident to 

LJ A circle is of a circumference 6 Л cm. » and the straight line L is distant from its 
centre by 3 cm. sthen the straight line L is (Red Sea 19 » Red Sea 17 » El-Monofia 15) 
(a) a tangent to the circle, (b) a secant. 


(c) outside the circle. (d) a diameter of the circle. 


If the area of the circle M is 16 7 cm? » Aisa point in its plane where МА = 8 cm. > 
then A lies the circle M (Qena 17 + El-Sharkia 09) 


(a) inside (b) outside (c) on (d) at the centre of 

M is a circle with diameter of length 8 cm. If the straight line L is outside the circle > 
then the distance between the centre of the circle and the straight line L € 

(а) |4>»| (Ы [0,4 (с) |0 4] (d) [0 58] (Kafr El-Sheikh 14) 
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A circle with diameter length (2 X + 5) cm. » the straight line L is at a distance (X + 2) cm. 


from its centre » then the straight line L is (Port Said 17) 
(a) a secant to the circle at the two points. 

(b) outside the circle. 

(c) a tangent to the circle. 


(d) an axis of symmetry of the circle. 


— 


AB is a tangent to the circle M 

m(Z В) = 30° AM = 6 cm. 

„Шеп МВ =... cm. (Кеа Sea 78) 
(a) 3 (b) 6 (d) 12 


~ ВС isa tangent to the circle M at B 

г. BC LMB 

In A ABC: m(Z А) = 180° – (45° + 90°) = 45° 
«72 Dis the midpoint of AH ~ MD L AH 
In A ADM : 

m(Z DMA) = 180° — (45° + 90°) = 45° 

.т(/ DAM)-m(Z DMA) 

^ DAZ DM (Q.E.D.) 


In ^ MDB : 

" MD-zMB:-r 

+, m(Z MBD) = т (4 MDB) = 199 — 100. yy 
‚> AC isa tangent to the circle M at À 

г. МА 1 АС 

їп ААВС: 


m (Z С) = 180° — (90° + 40°) = 50° (First гей.) | 


>m(Z CDM) = 180° — 40° = 140° ($есолатеф.) 


" MZsrz5cm. ^. MY = Шет 

72 (MYY = 169 , (МХ)? = 25 

s (XYF = 144 

(МХ) + (XY) = (МҮ) 

г. т (2 MXY) = 90° с ЖҮ LMX 

~ XY isa tangent to the Circle M at X 1Q.E.D ) 


> AB isa tangent to the circle M at A 
- m(Z МАВ) 290* 


MA 
". tan (Z B= —— n 30° = 


AB AB 


A AB = 813 cm. 


In A ABC which is right-angled at C 
"m ( £ ABC) = 202 
Ад Д E „еМ 


=43ст. (Second req.) 
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XY isa tangent to the circle at X 

* MX І ХҮ “. m(Z MXY) = 90% 
г. In A MXY : (МҮМХ) + (XYY 

^ (MZ + 8)? = (MX)? 144 


© MZ =MX =r. (r+ 8) =r 144 
„г 16 г +F + 144 7 16r- 80 
(The req.) 


' AB isa tangent to thexcircle M at В 
МВП. AB 7. m (Z ABM) = 90° 
s% AC is a tangent to the circle M at С 
ЭМС L AC 7. m (4 ACM) = 90° 
^. In AA АВМ АСМ which are right-angled 
MB = МС = г 
AM is а common hypotenuse 
^ АВМ = А АСМ 
". т (2 AMB) = т (Z АМС) 
г. MA bisects 2 BMC (First req.) 


From A ABM : т (4 AMB) = 180° — (90° + 25°) 
= 65° 


. m(Z ВМС) = 2 x 65° = 130° (Second req.) 


In the small circle : 

> ABisa tangent atc *. MC L AB 
In the great circle : 7. MC L AB 

^. C is the midpoint of АВ ..AC-4cm. 

‘~ АМ = 5 ст. 

^. In AACM which is right-angled at C 


(AM)? - (AC. =] 25-16 =3 cm. (The гед.) 
: DCisa tangent to the circle M at C 
. MC L DC * m(Z MCD) = 90° 
^. In A DMC: m(Z DMC) = 180° — (90° + 20°) = 70° 

^ AB// MD „ AE is a transversal to them 
^. т(2 МЕС) =m(Z BAE) = 80° 
(corresponding angles) 

^ In A MEC: 
m (Z ECM) = 180° — (70° + 80°) = 30° (The req.) 
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'* The area of the circle = 36 Jt 


Л = 36 Jt г. The equation is: y = 


nr = 36 


^rzócm. | as AB touches the smal! circle at C 
^. АВ = 12 cm. ^. MC LAB 
‚> BCisa tangent to the circle M at B >“ AB is a chord of the 


+. BC 1 AB great circle» MC | AB 
In A ABC : tan(Z C) = A ^. tan 60° = — 2. C is the midpointofAB 
200 "Az. АС = 1$ 27cm, 


= tan (60°) - үз 


* The area of A АВС " AAMC isnghtangled at € 


^. (АС)? PMA’ - (MGE 
. (Ta (MÁY - (MC)? 
г. (МАЎ (МС)? = 49 
(1-3 «Q +10 -116%9-425 y The area of the included рап between the two 
Circles = the area of the greater circle - the area 
of the smaller ciréle = Л (МА) - Л (MC) 
MB =7(-1+ 4» +(2-6) 249 « 16 23/25 | ^2mxX[(MAY)-(MCy]s497ztcm? (Тһе req.) 
= 5 length units | | 
„МС ={(—1-2)*+(2 + 2) -9 + 16-25 + ABisa tangent to the circle M at B 
= 5 length units МВ АВ ~. т (2 ABM) = 90° 
^ МА = МВ = МС с. МВ- MD (lengths of two radii) 
2. The points A + B and С lie on the circle М (Q.E.D:1).| *m(Z MBD) =m(Z MDB) =2 Х° 
» its circumference = 10 Л length units. — (Q.E.D.2) 


= 5 length units 


In A ABD: m(Z A) + т(/ ABD)-míZ 0) = 180° 
* X*°+90° +2 Хе +2 Х? = 180° 
^ 5X7 = 90° -Ха18 (The req.) 


"à CD 15 a diameter in the circle M 
2. M is the midpoint of CD 

-2 
Let C (X sy) ха»0= (8.22) 


.Х%а3:2 ДУ; 


= 


z =l ^y «m2 

С = (-1 +4) 

> ° the slope of CD.= -i = 1 ш- 3 

г. The slope of thé perpendicular straight line 
to CD = 5 

>. the tangent to the circle Mat C. is 

perpendicular to CD 
2. The slope of the tangent to the circle at C = = 


-p= ‚ # т н , 7 " 
^. The equation of the.tangent is: y= = X+c 


> *. the tangent passes through the point C (— 1 +4) 
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Construction : We draw MA and NB 
Proof : > AB isa tangent to the circle M at A 
* MAL AB 

similarly NB L АВ 

г. MA// BN 


‚ *` МА = NB (two radii of two congruent circles) 


^. AMNB is a parallelogram 
~ AB// MN (Q.E.D. 1) 
In AA АМС + BNC: 
ГАС = ВС (given) 

MA=BN (given) 
im(Z MAC) =m (2 МВС) = 90° (proved) 
. AAMC = A BNC 7. MC = NC (1) 
^ А. СММ is ап isosceles triangle — (Q.E.D. 2) 
“МХ = МҮ 

. Subtracting (2) from (1): 
.МС-МХ-МС-МҮ ^ СХ = CY 
*. From the isosceles triangle XCY 

mL Oty аты) 


7 


and from the isosceles tnangle ММС 


— 50% - 4 
^ m(Z СММ) = 9 - mi 1) 


(3) | 
From (3) and (4): m (4 CXY) = m(Z CMN) 
and they are corresponding angles 


(Q.E.D. 3) 


| ow |e | we ow | om | | 
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Then the.two circles аге: 


Then the two circles are : Distant - d | 
Touching externally 


| Notice that : 77 | Notice that SF 
» The circle M f the circle М = Ø | „Тес ШИМ Г тете N = ГА} 


» The surface of circle M f^) the surface | » The surface of circle МҸ) the surface 
of circle М = @ \ of circle М = {A} 


Then the two circles аге: Then the two circles are : 
Intersecting | Touching internally 
| Notice that :J XT d | | Notice that :) 
“Тһе circle M f | the circle N= {A ` в) | « The circle M f) the circle N = {A} 
Тһе surface of circle M the surface of | “Тһе surface of circle M f ) the surface 


| 


circle N = the surface of the shaded part. | | of circle N = the surface of circle М 


If MN = zero 


Then the two circles are : 


—B некен — Ыкы 


ж- 


Then the two cireles аге: 
One inside the other 


-— | Concentric 
(the circle N 1s inside the circle M) 


| Notice in the two cases that : | nac 


— == —— — —— — — — — --- 


Тһе circle M f) the circle N = Ø 


» The surface of circle M f the surface of circle N = the surface of circle М 


——— — 
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EM Summary Б 


0 А іш r +r 


i 


The length of MN 


| 
| 
| 
| 
| 
| 


i қ One inside Touching e Touching : 
Concentric the.other internally Intersecting | externally Distant 
tt Remarks | 


From the previous summary , we notice that : 
© If M and N are two distant circles » then : MN €] ҒА + A , Гг. 


Ө If M and N are two intersecting circles » then : MN €] Гр) ° . + Ж 
Ө If M and М (one of them is inside the other). > then : MN е ho), = rj 


Corollary @B 


The line of centres of two touching circles passes through the point of tangency and 
is perpendicular to the common tangent at this point. 
In the two opposite figures : 
If the two circles 
M and N are touching 
at A (the point of tangency) > 
the straight line L is a common tangent to them at A 
; then A C MN and MN L the straight line L 


The line of centres of two intersecting circles is perpendicular to the common chord 
and bisects it. 


In the opposite figure : 
If M and N are two circles intersecting at A and B › 


then MN L AB > MN bisects AB i.e. AC = BC 


This mean that MN is the axis of symmetry of AB 
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In the opposite figure : 

M and N are two circles touching at A › 

the distance between their centres MN = 12 cm. 
If NB = 7 cm. 

Find : The length of MA 


1 In the opposite figure : 


M and М are two circles with radii lengths of 10 em. and 6 cm, 
respectively and they are touching internally at A : 


AB is a common tangent for both. 
If the area of A BMN = 24 cm? 
Find : The length of AB 


LL) In the opposite figure : 
M and N are two intersecting circles at A and В» 


C EBA »D Ethe ciréle М» 


Е/М j 
m (4 MND) = 125° and m (Z BCD),= 55° O А 


Prove that : CDus a tangent to circle N at D (Red Sea 19 » Kafr El-Sheikh 17 » Souhag 15) 


In the opposite figure : 

M and М are two intersecting circles at А and В, 

C is the midpoint of XY » m (Z D) = 40°, 

FZ isa tangent to the circle N at F where MN N FZ = ГЕ) 

Find : m(4 CME) « 140° » 

Prove that : FZ // АВ (El-Fayoum 11) 
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In the opposite figure : 


Two congruent circles M and N are intersecting at А and B 


If МА = 10 cm. AB = 12 cm. 


Find by proof : The length of MN (El-Menia 17) « 16 cm. » 


LJ M and М are two intersecting circles at A and B » МА = 12 cm yNA=9 em. and 
MN = 15 cm. 


Find : The length of AB (Port Said 11) « 14.4 cm. » 


In the opposite figure : 

M and N are two intersecting circles at A and B 

where С is a point on the circle М» 

D is a point on the circle МЭС EMN ,D€MN 

Prove that т (4 CAD) = m (Z CBD) ( EI-Sharkia 15) 


If M (3 » 5) and N (- 3 »- 7) are the two centres of two circles whose radii lengths are 
475 length units and 2/5 length units respectively » A (~ 1 »— 3) 


Prove that : The two circles are touching atA showing the kind of tangency. (Helwan 09) 
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М апа М are two circles touching internally » their radii lengths are 3 cm. 
and 5 cm.» then MN =.......... cm. (Beni Suef 17 + El-Gharbia 15) 
(а) 8 (b) 6 (c) 4 (d) 2 


M and N are two circles touching externally » if their radii lengths are 4 cm; and 2 cm. 
„Шеп MN =.......... cm. ( Cairo 15) 
(a) zero (b) 2 (c) 6 (d) 7 


M and N are two circles of radii lengths аге 9 cm. and 4 cm. respectively › MN = 5 cm. » 
then the two circles are (El-Dakahlia 17 » El-Gharbia 14) 


(a) touching externally. (b) touching internally. 


(c) intersecting. (d) distant. 


M and N are two circles » their radii lengths are 8 cm. and 3 cm. » if MN = 11 cm. » 
then the two circles M and N are ·..#-% (El-Menia 13) 
(a) distant. (b) concentric. 


(c) intersecting. (d) touching externally. 


M and N are two circles > their radii lengths аге 4 cm. and 3 cm. If MN = 9 cm. ; then 
the two circles are (Port Said 09) 
(a) distant. (b) intersecting. 


(c) touching. (d) one is inside the other. 


If the radii lengths of the two circles M and N are 6 cm. »3 cm. » if MN = 2 cm. 
» then the two circles. М.» М are ( EI-Dakahlia 18) 
(a) intersecting. (b) one is inside the other. 


(c) touching externally. (d) distant. 
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If the radius length of the circle M = 3 cm. and the radius length of the circle N = 5 cm. 
s MN = бст. ; then the two circles M and N аге... (El-Gharbia 08) 


(a) distant. (b) one is inside the other. 


(c) intersecting. (d) touching externally. 


LJ M and М are two intersecting circles their radii lengths are 3 cm, айа 5 cm. 
respectively » then MN € ......... (Alexandriad6 > Cairo 16 sSuez 11) 
(a) |0>2) (b) |2 »8[ (с) |8 » cof (d) |2. » cof 


Two circles М and N with radii lengths 8 cm. and 5 cm. respectively > are touching 
when MN C ......... (El-Dakahlia 16) 


(а) ]13 »3[ (b) |3 » 13] (c) Е-(3>13| — (d) {13 »3} 


M and М аге two intersecting circles at А and В » then the axis of symmetry of AB 
(El-Monofia 04) 
(b) NM (c) MN (d) MN 


If the radius length of the circle M — the radius length of the circle N = MN : then the 
two circles are | (Alexandria 05) 
(a) one is inside the other. (b) touching externally. 


(c) distant. (d) intersecting. 


If the two circles M and N are touching internally » the radius length of one of them is 3 cm. 


and MN = 8. cm. » then the radius length of the other circle = .......... cm. (Giza 17) 
(a) 12 (b) 11 (c) 6 (d) 5 


M and N are two touching circles where MN = 6 cm. » the radius length of the greater 
circle is 10 cm, » then the radius length of the smaller circle =... cm. (El-Sharkia 05) 


(a) 16 (b) 12 (c) 8 (d) 4 


=r 
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M „М and L are three circles touching externally two-by-two: their radii lengths аге 5 cm.» 


6 cm. and 4 ст.» then the perimeter of the triangle MNL = ·.......... cm. (El-Monofia 11) 
(a) 15 (b) 30 (c) 4 (d) 60 


If the two circles M and N are touching externally » the radius length of the circle M 
is 4 cm. »if MN =7 cm. »then the circumference of the circle N is 


( E-Monovfia 16) 


(a) 4 7L (b) 6 IU (c) 7 Л (аул 


А circle M of radius length 4 cm. touches a circle N internally » MN — ст. ‚еп the 


circumference of the circle M : the circumference of the circle N = №... - (El-Dakahlia 09) 


(a) 4 : 7 (6) 3:4 (c) 4:3 (d) 4 : 11 
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|`АМ=АМ=г „AC LMN 
| '. Cis the midpoint of MN 
> MN=MA+NA ^ MN=2MC=2 x8 = 16 ст. (The req.) 
< МА = NB = 7 cm. (lengths of two radii) | = y + 
.12-МА%7 ..МА=5ст. (Тһе гед.) 2 MN is the line of centres » 
AB is the commons chord of 
' The two circles are touching internally at A the two circles 
7. ММА = 10-6 = 4ст. ММ LAB |. MNLAB-AC=CB 
г. The area of A BMN = 5 х MN x AB | In AAMN- (АМ): -81 
sÅ х4хАВ -AB-12cm.  (Thereq) ‚(АМ)2.= 144 >(ММ):а.225 
= Е “MNP = (AM)? + (АМУ 
" MN is the line of centres > AB is the common | ТААММ is right-angled at A » -- AC 1 MN 


chord TA | à 
AB | MN К _ AMRAN _ 12х79_-„„ 
"o AB 1 MN muc AEN) = 90° | АС = MN = 15 = 7.2 cm. 


~ The sum of the measures of the interior angles of |... AB=2AC=144 ст. (The req.) 
the quadrilateral CDNE = 360° 


~ m(Z CDN) = 360° – (55° + 125° + 90°) = 90° 
‚. NDLCD 
^. CD is a tangent to the circle N at D (Q.E.D.) 


^ MNs the line of centres 
‚ AB is the comnon chord 
7. MN is the axis of symmetry of AB 
> NM is the line of centres + AB is the common ^ CA=CB 
chord ^ InAABC:m(Z САВ) = т (2 CBA) (1) 
^ ММ LAB ^. m (@)AEM)= 90° | >** DA=DB 
7 Cis the midpoint of XY ^ In A ABD : m (4 DAB) = m (4 DBA) (2) 
-. MCLXY A (Z MCX) = 90° | By adding (1) » (2) : 
In the quadrilateral ОСМЕ : | +. m(Z CAD) = т(/ CBD) (Q.E.D) 
m (2 CME) = 360° — (90° + 90* 40°) = 140° 
(First req.) 
»v FZisa tangent (© the circle N at F 
г. NF LFZ г. m (Z-NFZ) = 90° 
тп (т = 4 { 5 length unit 
-m(Z MEA) mt NFZ) i 
| — | | г. A € the circle М 
and they are corresponding angles | 
— Tz (s МА =1(-3 + 1) «(07 +3) 244 +1 
>. FZ// AB (Second req.) | Ка =e 
= 2 ү5 length units 
ММ is the line of certs + AB is the 7. A € the circle М 
common chord of the two circles ММ -Үв +3)? +(5 + 7)? = 36 +144 
> С is the midpoint of АВ - 4180 = 65 length units 


^. MN = МА + МА 


(3 + р + (5 + З)? = 16 +64 


^. The two circles are touching externally. (Q.E.D.) 
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Lesson [ 4]: Identifying The Circle 


The circle is identified if we know : 
ІЗ its centre. Ё its radius length. 


In the following» we will study the possibility of identifying (drawing) the circle under 


certain conditions. 


Drawing a circle passing through a given point 


We can draw an infinite number of circles passing through а given point. 


| Second | Drawing a circle passing through two given points 


There is an infinite number of circles that can be drawn to pass through the two 
points A and B and all their centres lie on the axis of symmetry of AB 


L 
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* If AB is a line segment and the required is drawing a circle passing through 
the two points A and B »then: 


[1] If Usi г> 5 АВ АВ » then we can draw two circles (as shown in the previous cxampig). 


Өт Ll r= + AB AB | » then we can draw one and only one circle (iti is ‘the smallest circle) 
passing = gh the two points A and B , hence AB is a diameter of it and i its centre | 
is the € of AB бъ, 


Өг Б г< i z AB < FAB | » then it is impossible to draw any circle. 


* Any two circles do not intersect at more than two points. 


——— — ——— RÀ E A PE E m 


Drawing a circle passing through three given points 
If A „В and С are three points in the plane and the required is drawing a circle 


passing through the three points A s B and С: 
Then we must distinguish between two qas6es : 
ЕҢ If the points А s B апа С аге collinear ав іп figure (1) 


» then the two straight lines L, апа > are parallel not 


intersecting. 


In this case > it is impossible to draw a circle passing 
through the three points A » Band С Fig (1) 
i.e. 
It is impossib 


= 


ЕЧ . EM = eae | СТ = - Wert : "1 lli РТ г * 58 а= H 
ing through three collinear points. 
{ Puta c> iy | АЗА І Ж i 


If the points А » B and С are not collinear as in figure (2) › 
then L, and 1 intersect at one point as M : then M is 


the centre of the required circle which passes through the 
three points А» B and С, then the radius length 

of this circle = MA = MB = MC 

i.e. | Fig (2) 


any th "ree Non-colline ear points , there is a unique 
circle с in b қ зе drawn to pass through the ^m. 


к= 
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| | Notice that : 


There is a unique circle passing through three points as A » B and C which are not collinear 


and the centre of this circle is the point of intersection of any two axes of symmetry of the. 
| axes of the line segments AB , BC and AC ы) 


Corollary 1 


The circle which passes through the vertices of a triangle is called 
of this triangle. >. 


“Тһе triangle whose vertices lie on a circle is called 


the inscribed triangle of this circle. 


In the opposite figure : | 
M is the circumcircle of A ABC Үс > 


In the opposite figure : 


If the straight lines L} > L m ^, 
are the axes of АВ, BG and GA respectively 


ҺАМ, 
and L, N L, N L, аму CN 
then the point Mi is › Ше, centre "е d, circumcircle of A ABC 


A 7 Г p" ы 


a" 
» 
NS 


- 
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ес Remark | 
The position of the centre of the circumcircle of the triangle as M differs 


according to the type of the triangle as shown in the following table : 


| The acute-angled triangle] | 


The right-angled triangle Тһе obtuse-angled triangle i 


| 
| 


p 
| 


| М is inside | | Lf. M is the midpoint NU | Nf is outside | 
E the triangle p | оғ the hypotenuse , һ the triangle | 


— — — —————— — —— ——— 


* A special сазе: 

The centre of the circumcircle of the equilateral triangle is : 
- The point of intersection of its sides axes, 
- The point of intersection of its altitudes. 


- The point of intersection of its medians. 


- The point of intersection of the bisectors of its interior angles. 


t Remark | ///У м, 
We can draw a circle passing through the vertices of (the rectangle » the square or 
the isosceles trapezium) while, we cannot draw a circle passing through the vertices 


of (the parallelogram - ths, rhombus or the trapezium which 15 not isosceles). 
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Exercises 


If A EL ; draw the circle M passing through А and its radius length = 3 cm. if : 
M Є the straight line L » how many circles сап be drawn ? 
(2) МЄ the straight line L » how many circles can be drawn ? (Assiut 11) 


А and B аге two points where AB = 6 cm. Draw a circle of. radius length 5em. and passes 
through the two points А and B 

Find : 

The number of circles can be drawn. 

The distance of the centre of the circle from’ AB by proof. (Damietta 17) « 4 cm. » 


AB is a line segment of length 6 cm. Draw the circle that passes through the two points 


A and B and its radius length 1s the smallest length. (Luxor 05) 


Using the geometric tools and draw AB with length 6 cm. » then draw AC 
where m (Z САВ) = 60° , draw the circle that passes through the points A » В and its centre 
lies on AC and calculate the length of its radius (Don't remove the arcs). ( Ei-Dakahlia 17) « 6 ст.» 


What is the number of possible solutions ? (Giza 06) 


LJ Draw the right-angled triangle ABC at B where AB = 4 cm. and BC = 3 ст.» then draw 
the circumcircle of this triangle. Where does the centre of the circle lie with respect to the 
sides of this triangle ? (Damietta 18) 


Using geometrical instruments » draw the isosceles triangle ABC in which 
m (Z ABC) = 120? ВС = 4 cm. Determine the centre of the circumcircle of it 
and find its radius length. (El-Dakahlia 11) « 4 ст.» 


Draw A ABC. in which : AB = 5 cm. » BC = 4 cm. » and CA = 3 cm. What is the type of 
the triangle with respect to the measures of its angles ? then draw a circle whose centre 18 
the point А and touches BC , another circle whose centre is B and touches AC and 

a third Circle whose centre is C and touches AB (Beni Suef 06) 


e Draw a circle with radius length of 3 от. and touches to the straight line L 
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If A (2 50) and B (- 2 ›3) » draw a circle M of radius length 4 length units and passes 
through the two points A and B 
How many solutions are there for this problem ? (North Sinai 09) 
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It is possible to draw ------ passing through a given point. (New Valley ОЙ 
(a) one circle (b) two circles 


(c) three circles (d) an infinite number of circles 


Giza [ 2) 
(a) | (b) 2 


(с) 3 (а) an infinite number. 


The number of circles passing through three collinear points is -------- 
(5апТас IS + Giza 16 + Ismailia 15) 


(a) zero (b) one (c) three (d) an infinite number. 


The number of circles passing through three non-collinear points is ------- (El-Menia 17) 
(a) | (b) zero (с) 2 (d) 3 


We can identify the circle if we are given (El-Sharkia 08) 


(a) three collinear points. (b) two points. 


(c) three non-collinear points. (d) one point. 


The centres of the circles passing through the two points A and B lie on 

(El-Dakahlia 17) 
(a) the axis of symmetry of AB (b) AB 
(c) the perpendicular to AB (d) the midpoint of AB 


The centre of the circumcircle of a triangle is the point of intersection of 
(El-Fayoum 19 s Kafr El-Sheikh 17 + Qena 17) 
(a) the bisectors of its interior angles. (b) the bisectors of its exterior angles. 


(c) its altitudes. (d) the symmetry axes of its sides. 
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If A ABC is right-angled at В ; then the centre of its circumcircle 18 (Ismailia 03) 
(a) the midpoint of AB (b) the midpoint of AC 
(c) the midpoint of BC (d) outside the triangle. 


It is (impossible) to draw a circle passing through the vertices of 
(Beni Suef 17 » El-Dakéifitia’13 + Eldsharkiat12) 


(a) a rectangle. (b) a triangle. (c) a square. (а) a rhombus, 


(El-Sharkia 197; Sihag 18 34312017 s» Beni Suef 16) 


(а) a rhombus. (6) a rectangle. (c) a trapezium. (а) a parallelogram. 


If AB is a line segment of length 4 cm. » then the radius length of the smallest circle 
which passes through the two points А and Вь= ---------. cm. (El-Monofia 16) 


(a) 2 (b) 3 (с) 4 (а) 5 


If AB = 6 cm. > then the area of the smallest circle which passes through the two points 
^ 


А and B = .......... ст“ (El-Sharkia 15) 
(азл (b) 6 7t (c) 8 IT (d) 9 л 
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11 |ХҮһеп M EL we can draw two circles 


[2| When ме L we сап draw ап infinite number 
of circles 


The centre of the circle lies at the midpoint of the 
| hypotenuse AC 


In ААВС: 
„АВ=ВС 


[1] We can draw two circles 
/'2]InAAM,D: 
4 MD LAB ^ one 5 эп isosceles triangle 
^. D is the midpoint of AB | T M 1 AC 
“Ар = i АВ = 4 x623cm.V MK " ^. BM bisects / ABC ^.mí(Z MBC) = 60° 
' m(Z ADM,) = 90° ча, © МВ = МС = 
| (AM, - (AD) ^. A MBC is an equilateral triangle 


= 25-9 =4ст. (The гед.) | 7. МВ = МС = ВС =r=4cm. (The req.) 


** The radius length is the smallest z 


"rzàjcm. 


The type of this triangle according to the measures of 
— F its angle is right-angled triangle at C 
In A ADM : ° AD І MD 
2. D is the nidpoint of AB 
n АР = d AB =Й. x 62 3m. Ше”, AB ={(2 + 2) «(0-3* 
>’ m(Z ADM) = 90° $ = {16 +9 " {25 
m(Z А) = 60° | z 5 length units 
« m(Z AMD) = 180° — (90° + 60°) = 30° г. There are two solutions 
^. АМ =2 Ар =2 *3.=6 cm. (The req.) 
There are an infinite number of circles whose centres 


lie on a straight line parallel to the straight 
line L af @distance 3 cm. from it. 


Ay? ER, 
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Prep [ 3 | - Second Term - Geometry - Unit [4 ] - The Circle 


Lesson [5]: The Relation Between The Chords Of A Circle With Its Center 


Fig. (2) 


Using the ruler › you can check by yourself the truth of the following information : 
AB » CD AB « CD AB 2 CD | 
s MX < MY | MX > MY | MX =MY 


ан 


(| The relation between the chords ofa circle and its centre : 


Theorem 


If chords of a circle are equal in length, then they are equidistant from the centre. 


Given | АВ = СЮ › МЎ! AB and MY L CD 
R.T.P. | МХ = MX 
| Construction | Draw MA and МС 


Proof | MX L AB 


г. X is the midpoint of AB 


ОА”, 
г. АХ = АВ 

г MY:ECD г. Y is the midpoint of CD 
CORE 1. 

, СЎЁ 5 CD 


"AB = CD (given) .. AX = CY 
фп АХ = CY (by proof) 


" AA AXM and СҮМ ; both have 4 MA=MCe=r 
m(Z АХМ) = m (Z CYM) = 90° 


. ААХМ = А СҮМ › then we get: МХ = MY (Q.E.D.) 
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Corollary | 
In congruent circles, chords which are equal in length are equidistant from the centres. 


In the opposite figure : 


If M and N are two congruent circles > 
AB = CD ; MX L AB and NY 1 Ср, 
then MX NY 


Converse of the theorem — — ee a 2 Шы _ 


Іп the same circle (or in congruent circles) » 
chords which are equidistant from the centre (s) are equal in length, 
i.e. In the opposite figure : 

If AB and CD are two chords of the circle М › 


MX 1 AB; MY L CD and MX = МҮ > еп = CD 


Also in the opposite figure : 
If M and М аге two congruent circles : AB is a chord of 
circle M and CD is a chord of circle N 


, MX L AB » NY L CD and 


MX = NY ; then AB = 
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Exercises 


In the opposite figure : 

The triangle ABC is an inscribed triangle inside a circle М, 
m(ZB)zm(Z С)» 

X is the midpoint of AB » MY |. AC 


Prove that : MX = MY 


In the opposite figure : 

М is a circle, т (Z A) = 60° 

» X is the midpoint of AC 

» Y is the midpoint of BC 

РХ = БҮ 

Prove that : A ABC is an equilateral triangle 


4 In the opposite figure : 

AB and АС аге two chords equál'in length in the circle М 

» X is the midpoint of AB > 

Y is the midpoint of AC апи (Z CAB) = 70? 

[1] Calculate : m (4 DME) « 110?» 

Prove that : XD ҮЕ (New Valley 19 » Port said 18 » Matrouh 18 » Cairo 17) 


LA In the opposite figure : 

AB and AC ate two chords equal in length in the circle M 

, X is the-midpoint of AB.» 

MX intersects the circle at D » MY -L AC 

intersects it at Y and intersects the circle at E 

Prove that :|1| XD = YE m(ZYXB)2m(Z XYC)  .(Assiut 18 5 El-Gharbia 13) 


AB and AC are two chords equal in length in the circle M » X and Y are the midpoints of 
AB and. AC respectively » m (Z MXY) = 30° 
Prove that : [1] A MXY is an isosceles triangle. 

[8| A AXY is an equilateral triangle. (New Valley 16) 
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In the opposite figure : 

M and N are two circles intersecting at A and B 

» MX L AC and intersects AC at X and intersects 
the circle M at Y » MN to intersects AB at D and 
intersects the circle M at E» if AC = AB 

Prove that : XY = DE (EFKalypubia 18) 


(11 AB and AC are two chords in the circle М» MX 1 AB +Y is the midpoint of АС , 
m (Z ABC) = 75? MX = МҮ 

Find : m (Z BAC) 

Prove that : The perimeter of A AXY = i the perimeter of A ABC 


(Каі -5һеікА 18 » Alexandria 16) 


In the opposite figure : 

Two concentric circles at M » AB is a chord 

in the greater circle and cuts the smaller eircle 

at C and D » AZ is a chord in the greater circle 

and cuts the smaller circle at X and Y If m (Z ABZ) 2 m (Z AZB) 


Prove that : CD - XY (El-Kalyoubia 17 » Souhag 13) 


1 In the opposite figure : 


AB and CD are two chords of the circle M ; 

МХ .L AB and intersects thé circle at F , 

MY L CD and intersects the circle at E » 

FX = EY 

Prove that : 

[1)АВ = CD АЕ = СЕ (El-Gharbia 16 » Kafr El-Sheikh 11) 
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In the opposite figure : 
AB and AC аге two chords of the circle M » equal in length 


X and Y are their midpoints respectively. 


If m (4 XMY) = 120° 5 YZ bisects Z AYX 


Prove that : YZ // MX 


11 In the opposite figure : 

The circle M f the circle N={A>B} : АВП ММ = {CG}; 
DEMN MX L AD and MY L BD 

Prove that : MX = MY 


—4 In the opposite figure : 
The concentric circles of radii 4 cm. » 2 cm. 
A ABC is drawn such that its vertices lie 
on the greater circle and its sides touch 
the smaller circle at X > Y »Z 
Prove that : 
A ABC is an equilateral triangle and find its area. 
In the opposite figure : 
M ЭМ are two intersecting circles at B » C 


АС MN 
Prove that : BD = CE ( El-Dakahlia 17) 


In the opposite figure : 

AB is a diameter of the circle M » AC and BD are two chords in it 5 

MX = МЕ, MX L AC , MY L DB 

Prove that : 

‚1)А HAB is isosceles triangle. 

W HC = HD (Beni Suef 12) 
p 

| 
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In the opposite figure : 

A ABC is inscribed in the circle М › 

m (Z BAC) = 60° , X is the midpoint of АВ, 

Y is the midpoint of AC and MX = MY 

Prove that : 

11 ABC is an equilateral triangle. (8) AM .L BC 


In the opposite figure : 

AB and CD аге two chords of the circle M > 
equal in length > X and Y are the two midpoints 
of AB and CD respectively. XY is drawn to cut 
the circle at E and F » ML is drawn -L XY 
Prove that : XE = YF 


In the opposite figure : 

M and N are two circles touching internally at A › 
AB and AC аге two chords drawn їй 

the greater circle N such that they-are equal in length 
to cut the smaller circle M at.L and K respectively. 
Prove that : AL = AK 


In the opposite figure : 

M is a circle » MD L AB 

; ME.L AC 

»A(2 +2) » 21,0) апа ЕЗ”, 4) 

Prove that : ME = MD (Kafr El-Sheikh 13) 


| 
| 
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In the opposite figure : 

M and N are two circles of radii lengths 

4 cm. and 5 cm. » AC touches the circle M 
at A and cuts the circle N at B and C 


; where BC = 6 cm. and MN = 12 cm. 


(1 Prove that the quadrilateral МАСМ is a trapezium then calculate its area. « 54 cm?» 


(2 If CD = CB » find the distance between М and CD (аыл 06) « 4 ст.» 
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In A ABC: '¢ m(Z В) = mí(Z С) 
7. АВ = АС 
(V X is the midpoint of AB ~. MX 1 AB 


> МҮ1 АС-АВ-АС ..МХ=МҮ (QED) | 


'^ MF = ME (lengths of two radii) 
s FX = EY 
By subtracting : «. МХ = МҮ 
7. X is the midpoint of AC «. MX LAC 
«77 Y is the midpoint of BC .. MY 1 BC 
-АС-ВС ^ m(Z A) = 60° 
2. A ABC is an equilateral triangle. (Q.E.D.) 
7 Xis ће midpointof AB ~. МХ L AB 
'* Y is the midpoint of АС ..MYLAC 


‘ The sum of measures of the interior angles of the 
quadrilateral AXM Y = 560" 


,т(/ XMY) = 360° — (70? + 90° + 90°) = 110° 
(First req.) 

" AB=AC ^ MX = МҮ 

г MD = ME (lengths of two radii) 

by subtracting .. XD = YE 

7 X is the midpoint of AB -. MX РАВ 

“АВ-АС ^ MX= MY » 


г MD = ME (lengths of two radii) by sabtracting 

^ XD = YE (Q.E.D. ] 
In A XMY : з МХ = MY 

.т(4 МХҮ) = т (2 MYA) 

"mí(Z МХВ) = т (2 MYC) = 90° 

by adding .. т (2 ҮХВ) = т (2 ХҮС), (О.В. 
2 X is ће midpoinflof АВ 

г. MX LAB 

2 Y is ће midpoint of AC 

~ MY LAC 

МХ = MY 

г. А MXY is an isosceles triangle (Q.E.D. 
" m(Z АХМ) = 90° «m(Z MXY) = 30° 

"m(Z AXY) 390* — 30° = 60° 

"~ X and Y are the midpoints of AB and AC ,АВ = AC 
"^. AX = АҮ 


. ААХҮ isan equilateral triangle (Q.E.D. 2) | 


> AB is the common chord of the two circles M > № 


‚ММ is the line of centres 

n MN 1 AB_ > MD 1 AB 

+’ MX LAC : AC = АВ 

^ MX = MD (1) 
> MY = ME (lengths of two radii) (2) 
Subtracting (1) from (2): 

^ KY=DE (Q.E.D.) 
' Y is the midpoint of AC 

г. MY ГАС 

‚МХ АВ MX YMY 


Лып (2. С) =95° 

^ m(ZA)180 ~ (75° + 75°) 2 30° (First req.) 
^. X is the midpoint of AB 

^ І”ААВС: 

XY + BC ,АХ = АВ-АҮ- 


2 
^. The perimeter of A АХҮ 


AC 


1 
2 


= 5 Т perimeter of A ABC ( Second req.) 


Constr. : 

Draw : MF L AB » ME L AZ 

Proof : In the great circle : 

"mí(ZABZ)2m(Z AZB) 

'. AB = AZ 

" MFLAB»MELAZ ~. МЕ= МЕ 

In the small circle : 

© MF LCD , МЕ L XY »MF=ME 

“СО-ХҮ 

^ МЕ = ME (lengths of two radii) 

‚ХЕ = YE ^ МА = МҮ 

© МХ 1 АВ, МҮ LCD „. АВ= Ср (ОЕР. 1) 
© МХ 1 AB 

г. X is the midpoint of AB 2. AX = 
: MY LCD 

^. Y is the midpoint of CD ~. СҮ = 4 CD 
2 AB=CD 7. AX CY 


1 АВ 
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^ AAAF sACYE 


AX z CY 

In them | ХЕ = YE 

| m(ZAXF)=m(Z CYE) = 90° 
" AAXFSACYE then we deduce that AF = CE 
(Q.E.D. 2) 
7 Yisthe midpointof AC —МҮ1АС (5| 
Similarly MX 1 AB 
^ MY = МХ 
and from A YMX : > m(Z М) = 120° 
г. m (4 MYX) = m (4 YXM) = 482 —120" = 30° (2) 
from (1) and (2): г. m(Z AYX) = 90° - 30° = 60° 
с. YZ bisects Z AYX 
. m (4 ZYX) = € = 30° 
` m(Z ZYX) = т (4 YXM) 
but they are alternate angles 


à YZ ii MX 


Constr. : Draw NX L BD 
»NY LEC 

Proof : 
c MN is the line of centres 
s BC is the common chord of the two circlés 
-. MN L BC : O is the midpoint.of BC 
-. ОВ = OC 
^. In AA АОВ *AOC 

OB - OC 

AO is common side 

m (£ АОВ) = т(/ АОС)-90 

^. ААОВ = A АОС 
с та( 2 BAO) =m(Z САО) 
In AA AXN > AYN 

ы m(Z AXN)= П AYN) = 90° 
эт (2 ХАМ)-та(/ YAN) 
г.т(/ ANX)em(Z ANY) 
^ In AMAXN > AYN 


т(/ ANX)=m(Z ANY) 
іт (2 ХАМ)-т(/ YAN) 
АМ а common side 
. å AXN = A AYN 
> NXLBD » NYLCE 
^ BD=CE 
'* A MXA and A MYB which are right-angled triangles 


“Тһе circle M f the circle N = {A » B} 

г. MN is the axis of symmetry of AB 

. In A ABD : DC is the axis of symmetry of AB 
^. Ар = BD 

г MX LAD , MY 1 BD 


^ МХ = МҮ (Q.E.D) 
Constr. : Draw MX > MY » М2, MA | 
Proof : |. | МА = МВ (lengths of two radii) 


In them 
MX MY 


г. The two triangles are congruent » then we deduce that : 
т(2 МАХ) = т (2 MBY) 


> АВ іѕа tangent to the 
smaller circle M 

~ MX L АВ 

> similary : MY L BC MZ LAG | ^". A HAB is an isosceles triangle. 

s MX = MY = MZ =r in їйє smaller circle ,·· MX L AC MY L BD 

^ AB = ВС = АС : MX = МҮ 

2. A ABC is an equiláteral triangle . АС = Вр 

= т(2 В) = 60° 7. AH - AC = ВН - BD 

97. the greater circle M is the circumcircle of A ABC 

^. M is the point of intersection of the altitudes of 
A ABC 

г. AY is an altitude in А ABC MA SY 

*. In A ABY which is right at'Y : sin В = АТ. T US ы anil 

2*7 AY =АМ Mf zu 6cm. '. A ABC is an equilateral triangle 


' sin 60° = 9 . 43.6. 
$; АВ "а AB 
ғ) 


> АВ = 2х6 24d 30m. 2. ВС= AB = 4з cm. 
3 | 
^. The area of А АВС = + x BC x AY 


= 1 x413x6- 1293 cm? 


(Q.E.D. 1) 


‚с AH = BH 
«HC=HD (QE.D.2) 
- MX 1 
» MY LAC 
. AB=AC 


(First req.) 


"~ X is the midpoint of AB 
'5 Y is the midpoint of AC 


(Q.E.D. 1) 
© BM=CMer ~. M Ethe axis of symmetry of BC 

“АВ-АС 
> AM is the axis of symmetry of BC 


^. A € the axis of symmetry of BC 


(Q.E.D. 2) 


(Second req.) 
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- X is the midpoint of AB 

*. MX 1 AB similarly MY LCD , 

" АВ = Ср ^. МХ = МҮ 

^A МҮЯХ is an isosceles triangle 

> МІ,1 ХҮ > XL=LY (1) 

г. ML 1 the chord EF >. EL=LF (2) 
subtracting (1) from (2): ". XE = YF (Q.E.D.) 


Constr. : 
Draw: МЕ L AB » NF L AC 
MX LAL MY LAK 
Proof : : NE L AB » NF L AC » AB = AC 
. NE = NF 
^ А ANE and А ANF which are right-angled 
In them Ne iris 
AN is a common side 
^&AANERAANE » then we deduce that 
т(/ NAE) =m (2 МАҒ) 
2. A AMX A AMY 
| АМ is common side 
In them | m(Z AXM) = m (Z AYM) = 90° 
Im (4 ХАМ) = т (2 YAM) (proved) 
^ AAMX = A AMY then we deduce that МХ —MY 
MX L AL »MY LAK 
(O.E.D.) 
> МЮ 1 AB 
г. Eis the midpoint of АС-(2) 
[(2 - 1 + (2 - 0 [5 length units 
(2-4) = {5 Jength units 
^A АВ = АС 
^ МЕ = MD 


МЕ 1 СВ »NFusCD 

Proof : > МЕ L СВ 

^. E is the midpoint of CB 

In А NEC which is right-angled at E 

NE = (ЧС) - (CEF =25-9 =4 cm. 


^ МЕ = АМ 
< АС іѕа tangent to the circle М : MA is a radius 
г. MAL AC 
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г. Dis the midpointof AB (15 | 


E "mí(Z CEN) = m (4 CAM) = 90° 
and they are alternate angles 
^. NE // AM 
2. The figure NEAM 15 а rectangle ~. ММ//СА 
г. The figure МАСМ 15 а trapezium 
Its area = +(MN + AC) x AM 


(12 + 15) 4 = 54 cm? 


zd 
2 

"NF LCD +NELCB>CD=GB 

^. NF = NE = 40. 

^. The distance between the point М and CD is 4 cm. 


(First req.) 


(Second req.) 


l 
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RULES OF ALGEBRA 


Basic definitions and concepts on the circle 


Corollary 1) — & 


& 
The straight line passing through the centre of the circle and the midpoint of any 


chord of it (not passing through the centre) is perpendicular to this chord. 


In the opposite figure : 
If AB is a chord of the circle M 
and C is the midpoint of AB »then MC .L AB 


сооту OS 


The straight line passing through the centre of the circle and perpendicular to any 
chord of it bisects this chord. 


In the opposite figure : e 
If AB is a chord of the circle M and MC L AB » here C C AB > then C 


is the midpoint of AB 


СогоПагу 3 ) -- 


The perpendicular bisector to any chord of a circle passes through the centre of the circle. 
e 


In the opposite figure : 
If AB is a chord of the circle M ; C is the midpoint of AB 
and the straight line L -L AB from the point C › 

then М Є the straight line L 


From the previous corollary , we deduce that : 


The axis of symmetry of any chord of a circle passes through its centre » so this axis is 
also an axis of symmetry of the circle. 


The radius of the circle 


It is a line segment with one endpoint at the centre of the circle and the other endpoint 
on the circle. 


The diameter of the circle 


It is a chord passing through the centre of the circle. 
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Position of a point and a straight line 
With respect to a circle 
| First | Position of a point with respect to a given circle : 


If M is a circle of radius length r and A is a point in its plane » then : 


A is outside the circle M Ais on the circle M A is inside the circle M 


A А 
& 
& 


IfMA>r If MA=r If MA «r 


Position of a straight line with respect to a circle : 


The straight line L lies e LN the circle M = Ø 
outside the circle M e L N the surface of 
the circle M = Ø 


The straight line L is 
a tangent to the circle M * LN the circle M = {A} 


at A • LN the surface of 


A is called the circle M = {A} 
“the point of tangency” 


• LN the circle M = {X » Y] 


The straight line L is e І. П the surface of 


a secant to the circle M the circle M = XY 
XY is called the chord of 


intersection 
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Two important facts 


H1 The tangent to a circle is perpendicular The straight line which is perpendicular 
to the radius drawn from the point to the diameter of a circle at one of its 
of tangency. endpoints is a tangent to the ci. 


i.e. if the straight line L is a tangent to the i.e. if ABisa diaméter of the circle M and 
circle M at the point A » the straight line І, | AB at the point A › then 
then МА LL L is a tangent ue circle M at the point A 


The two tangents which are drawn from the two endpoints of a diameter of a circle 
are parallel. 


Position of a circle with respect to another circle 


Let M and N be two circles : their radii lengths аге г, and r, respectively эт, > г, 


The circle M f the circle N = Ø 
“Тһе surface of circle M ( the surface of circle N = Ø 


Distant 


«Тһе circle M f) the circle N = {A} 
e Тһе surface of circle M f the surface of circle М = {A} 


Touching externally 


“Тһе circle M f) the circle N = {A » B] 


• The surface of circle M f the surface of circle М 
= the surface of the yellow part. 


Intersecting 


rn, -r«MN«r-*r, 
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“Тһе circle M f ће circle N = {A} 
Touching inemally • Тһе surface of circle M f) the surface of circle N 


= the surface of circle N e 


One inside the | 
other the circle N | * Тһе circle M f) the circle N = Ø 


is inside “Тһе surface of circle M f^) the surface of circle N 
the circle M = the surface of circle М e 


€ • Тһе circle M () the circle N- e 
C tri қ 
ыны e The surface of circle M (^| the surface of circle М 


MN even = the surface of circle М 


Summary 


0 


The length of MN 
Concentric Опе inside Touching Intersecting Touching Distant 


the other ^ internally externally 


From the previous summary > we notice that : 


1| If M and М are two distant circles » then: MN €] Iti» ee[ 


& 
If M and N are two intersecting circles » then: MN € | 11-5 sr + Al 


If M and N (one of them is inside the other) › then: MN €] 0 , fj — rj 


Corollary @ 


The line of centres of two touching circles passes through the point of tangency and is 
perpendicular to the common tangent at this point. 


In the two opposite figures : 


L 
If the two circles Y 
M and N are touching 2 Е 
at A (the point of tangency) 


the straight line L is a common tangent to them at A 


then A C MN and MN 1 the straight line L 
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ФИЛЕКЕ2)---- 


The line of centres of two intersecting circles is perpendicular to the common chord 


and bisects it. 


In the opposite figure : 

If M and М are two circles intersecting at A and B , 
then MN L AB , MN bisects AB i.e. AC = ВС 
This mean that MN is the axis of symmetry of AB 


LESSON [4] Identifying the circle. 2 


We know that the circle is identified if we know : > 


its centre its radius length 
In the following» we will study the possibility of identifying (drawing) the circle under 


certain conditions. eJ 


First Drawing a circle passing through a given point : 


, : ; ©. А 2 
l.e. We can draw an infinite number of circles passing through a given point. 


БЫ Drawing a circle passing through two given points : 


1.6. There is an infinite number of circles that can be drawn to pass through the 
two points A and B and all their centres lie on the axis of symmetry of AB 


= —-. _ 


If AB is a line segment and the required is drawing a circle passing through the 
two points A and B » then : 


If г > 5 AB| » then we can draw two circles (as shown іп the previous example). 


ІГ du 4 AB » Шеп we can draw one and only one circle (it is the smallest circle) 


passing through the two points A and B » hence AB is a diameter of it and its centre is 
the midpoint of AB 


If т < i AB » then it is impossible to draw any circle. 


* Any two circles do not intersect at more than two points. 
| Third Drawing a circle passing through three given points : 


i.e. It is impossible to draw a circle passing through three collinear points. 


. For any three non-collinear points » there is a unique circle 
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can be drawn to pass through them. 


Notice that : 


There is a unique circle passing through three points as A » B and C which are not collinear 


and the centre of this circle is the point of intersection of any two axes of symmetry of the 
axes of the line segments AB » BC and AC 


Corollary @ 


The circle which passes through the vertices of a triangle is called the circumcifele of this triangle. 


“Тһе triangle whose vertices lie on a circle is called the inscribed triangle of this circle. 
In the opposite figure : 

M is the circumcircle of AABC 

or A ABC is the inscribed triangle of the circle M 


& 
The perpendicular bisectors of the sides of a triangle/intersect at a point which is the centre 
of the circumcircle of the triangle. 


In the opposite figure : 
If the straight lines L} » L, and L, are the axes 
of AB , BC and CA respectively & 


and L, ()L,L,={M} » 


then the point M is the centre of the circumcircle of A ABC 
The position of the centre of the circumcircle of the triangle as M differs according 


to the type of the triangle as shown in the following table : 


The acute-angled triangle 


M is inside the triangle |М is the midpoint of the hypotenuse| М is outside the triangle 
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A special case : 

The centre of the circumcircle of an equilateral triangle is : 
“Тһе point of intersection of its sides axes. 

“Тһе point of intersection of its altitudes. 

* The point of intersection of its medians. 


* The point of intersection of the bisectors of its angles. 


Notice that : 


We can draw a circle passing through the vertices of (a rectangle or a square or an isosceles 


trapezium) while we cannot draw a circle passing through the vertices of (the parallelogram 


or the rhombus or the trapezium which is not isosceles). 


The relation between the chords of 
a circle and its center 


ЖЕН... 
If chords of a circle аге equal іп length, then they are equidistant from the centre. 


Given | АВ = СЮ, MX L AB and MY L CD 
КТР. | MX = MY 


Construction | Draw MA and MC ч 


Corollary PE чинин ти менен 
In congruent circles, chords which are equal in length are equidistant from the centres. 


Converse of the theorem (without proof) : 
In the same circle (ог in congruent circles) s 


chords which are equidistant from the centre (s) are equal in length. 


i.e. In the opposite figure : 
If AB and CD are two chords of the circle М › 


MX L АВ, MY L CD and MX = МҮ >; then AB = CD 
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Central angles and measuring arcs 


Te. | The measure of the semicircle = 180° and then 
the measure of the circle = 2 x 180° = 360° 


The two adjacent arcs are two arcs in the same circle that have only one point in common. 


The length of the arc 


It is a part of a circle’s circumference proportional to its measure and it is measured 


by length units (centimetre » metre 9...) & 
& 


“То calculate the length of the arc, you can use the following rule : 


Ф 
x the E of the circle 


the measure of the arc 


The length of the are= the measure of the circle 


= the measure of the arc x2 Tr 
360° “ 
Where г is the radius length of the circle and JU is the approximated ratio. 


Corollary @ 


In the same circle (or in congruent circles) » if the measures of arcs are equal » then 
the lengths of the arcs are equal and vice versa. 


In the opposite figure : & 

If M is a circle in which m (AB) =w (CD) 

» then the length of AB = the length of CD 
and vice versa if the length of AB 

= the length of CD > then m (AB) =m (CD) 


Corollary Ө | 


In the same circle (or in congruent circles) ә if the measures of arcs are equal » then 
their chords are equal in length » and vice versa. 


In the opposite figure : 


If Misa circle in which 


m (AB) =m (СР) » then АВ = CD and vice versa 
If AB = CD > then m (AB) = m (CD) 
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If two parallel chords are drawn in a circle » then the measures of the two arcs 


between them are equal. e 


In the opposite figure : 
If AB and CD are two chords in the circle M 


, AB // CD > then m (AC) = m (BD) 


Corollary б) 
If a chord is parallel to a tangent of a circle » then the measures of the two arcs 
between them are equal. > 
In the opposite figure : 
If AB is a chord in the circle M and 
CD touches the circle M at E » 


CD // AB »then m (EA) = m (EB) y 


The relation between the inscribed and 
Central angles subtended by the same arc theorem 


The inscribed angle 


It is the angle whose vertex lies on the circle and its sides contain two chords of the circle. 


In the opposite figure : 
* / ABC is an inscribed angle 
because its vertex B belongs to the circle M 
and its sides BA and BC carry the two chords BA and BC in the circle M 


* The inscribed angle Z ABC is subtended by AC 


For each inscribed angle » there is one central angle subtended by the same arc. 
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In the opposite figure : A 
“Тһе inscribed angle / BAD is subtended 
with the central angle / BMD by the arc BCD 
e While the inscribed angle 2 BCD is subtended 


y B 
with the reflex central angle BMD by the arc BAD 


Theorem (1) V 


The measure of the inscribed angle is half the measure of the central angle » 
subtended by the same arc. & 


The measure of the central angle equals twice the measure of the inscribed angle 
subtended by the same arc. 


The corollaries of theorem (1) and its well known problems 


Corollary @ © 


& 
The measure of an inscribed angle is half the measure of the subtended arc. 


In the opposite figure : 

m (4С) = i m (Z AMB) 

(inscribed and central angles with common arc AB )» 
m (Z AMB) = m (AB) e 

^ m(Z C) = 4 m (AB) 


a — 


The measure of the arc equals twice the measure of the inscribed angle subtended by this arc. 


Corollary 2). 


The inscribed angle in a semicircle is a right angle. 


In the opposite figure : 


еті Се C)= i m (AB) (corollary 1)» 


-. m (AB) = 180° 
т (/ C) = 90° 
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—mm— - 


БҮ The inscribed angle which is right angle is drawn in a semicircle. 


The inscribed angle which is subtended by an arc of measure less than the measure of 
Ф 


a semicircle is ап acute angle. 


e» 
The inscribed angle which is subtended by an arc of measure greater than the measure 


of a semicircle is an obtuse angle. 

Well known problem (1) 
If two chords intersect at a point inside a circle » then the measure of the included 
angle equals half of the sum of the two measures of the two opposite arcs. 

еткені & 

| AB , CD are two chords іп a circle intersecting at the point E 
El m(Z AEC) = 1 [m (АС) +m(BD)] 
EJ m c СЕВ) = + [m (ВС)+ m (АР)] 
Ф У 


Well known problem (2) \ 


If two rays carrying two chords іп a circle are intersecting outside it» then the measure of | 
their intersecting angle equals half of the measure of the major arc subtracted from it half | 
of the measure of the minor arc in which both are included by the two sides of this angle. | 


Given СВ ПЕР = {А} 
КТР. m (Z A) = + [m (CE) т (ВР)] 
Inscribed angles subtended by same arc 
Theorem (2) its corollaries 


В a арени 
. In the same circle , ће measures of all inscribed angles subtended by the same arc аге equal. 


Given | ZC ZD and Z E are inscribed angles subtended by AB 
RTP. |m(ZC)2m(JgD)zm(Z E) 
Proof o dm c Cys i m (AB) 

»m(Z D)- 4 m (AB) 

‚т (Z В)= + m (AB) 

ami C)ysm(zD)smü B) (QED. 
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Corollary ЖШ 


In the same circle (or in any number of circles) the measures of the inscribed angles 
subtended by arcs of equal measures are equal. 


i.e. In the circle M 
Ifm(AB)=m(CD) » 


then m (Z X) = m (Z Y) 


The converse of the previous corollary is true also 


i.e. In the same circle (or in any number of circles) the inscribed angles of equal 
measures subtend arcs of equal measures. 


In the opposite figure : 
If m(Z X)2m(Z Y): 
then m (AB) = m (CD) 


The cyclic quadrilateral-the converse of theorem (2) 


The cyclic quadrilateral : 
| It is a quadrilateral figure whose four vertices belong to one circle. | 


The converse of theorem (2) (without proof ) 


If two angles subtended by the same base and on the same side of it have the same 
measure > then their vertices аге on an arc of a circle and the base is a chord of it. 


If there are two angles drawn on one of the sides of a quadrilateral › they are on the 
same side of it and they are not equal in measure » then the quadrilateral is not cyclic. 


Й Each of the rectangle » the square and the isosceles trapezium are cyclic quadrilaterals 
while each of the parallelogram; the rhombus and the trapezium that is not isosceles 
are not cyclic quadrilaterals. Я 
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Properties of The cyclic quadrilateral theorem (3) 


= ——T 
In a cyclic quadrilateral › each two opposite angles are supplementary. D 


Given ABCD is a cyclic quadrilateral 

ктр. | (<А) + (2 С) = 180° 
BA (в) + m(Z D) = 180° 

Proof 2 т(4А)- $ m (ВСЁ) and т (/ С) = 1 m BAD) | В 
~ та (2 Ау+ т (/ С) = 4 [т (ВСЁ) + т BAD)] ® 


= 1 m3. 1 9-1809 
= 5 the measure of the circle = 5 x 360° = 180 


Similarly: m (7 В) + m (4 D) = 180° "E. (Q.E.D.) 


Corollary 
e 


The measure of the exterior angle at a vertex of a cyclic quadrilateral is equal to the 
measure of the interior angle at the opposite vertex. 


In the opposite figure : 
If ABCD is a cyclic quadrilateral 
» Z CBE is an exterior angle of its < 
then m (Z ABC) + m (Z D) = 180° 
but m (Z ABC) + m (Z CBE) - 180° 
2. m (Z CBE) = m (Z D) 
The converse of theorem (3) and its corollary 
A summary of the cases in which the quadrilateral is cyclic : 
The quadrilateral is cyclic if one of the following conditions is verified : 


m If there is a point in the plane of the figure such that it is equidistant from its vertices. 


If there are two equal angles in measure and drawn on one of its sides as a base and 
on one side of this side. 


Hi there are two opposite supplementary angles «their sum = 180^» 
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|4 If there is an exterior angle at any of its vertices equal in measure to the measure of 
the interior angle at the opposite vertex. 


The relation between the tangents of a. 
Circle theorem (4) and its corollaries | 


| First - The two tangents drawn at the two ends of a diameter in a circle are 
parallel. 


i.e. In the opposite figure : 


If AB is a diameter in the circle M and the two 
straight lines L and K are two tangents to the 
circle at А and B respectively » ә 
then the straight line L // the straight line К 


СЕ Ф Р? __ 
(because the straight line L | AB and the straight line K 1 АВ) 


| Second тт tangents drawn at the two ends of a chord of a circle аге 
НЕН intersecting. 


i.e. In the opposite figure : 


If AB is a chord in the circle M and the two 
straight lines L and K are two tangents to 
the circle at A and В respectively s then the two 
straight lines L and K are intersecting at a point 
outside the circle M (Say C) and AC , BC are 
called tangent - segments and AB is called a chord 
of tangency. 

Theorem (4) 


The two tangent-segments drawn to a circle from a point outside it are equal in length. 


Corollaries of theorem (4) : 
Corollary 1). 


The straight line passing through the centre of the circle and the intersection point of 


the two tangents is an axis of symmetry to the chord of tangency of those two tangents. 
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In the opposite figure : 


If AB and AC are two tangents to the circle M at B and C 
respectively» then AM is the axis of symmetry to BC 


i.e. AM | BC. BD- CD 


Corollary Ө 
The straight line passing through the centre of the circle and the intersection point of 
its two tangents bisects the angle between these two tangents. It also bisects the angle | 
between the two radii passing through the two points of tangency. | 


In the opposite figure : 

If AB and AC are two tangents to the 

circle M at B and C respectively then : 

“АМ bisects Z ВАС 2. т (4 1) = т (® 2/9 y 
“МА bisects Z BMC г. та (/ 3) = т (/ 4) 


Remarks on theorem (4) and its corollaries 


In the opposite figure : 
П AB - Алс БАмв-мс-: 
BE - CE ; AM | BC 
Я m (< ABM) = m (4 ACM) = 90° 
i.e. The figure ABMC is a cyclic quadrilateral. 
m (Z BAM) = m (4 BCM) = m (Z CAM) = т (4 CBM) 
В m (< AMB) = m(Z АСВ) = m (4 AMC) = m (4 ABO) 
Definition 


The inscribed circle of a polygon is the circle which touches all of its sides internally. 


А й 
Еїр. (1) Fig. (2) 


In figure (1): M, is the inscribed circle of the triangle ABC where : 
the side AB touches the circle at D ће side BC touches the circle at E 
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and the side CA touches the circle at F. 
In figure (2) : М„ is the inscribed circle of the quadrilateral ABCD 


TS eS —. 


The centre of the inscribed circle of any triangle is the point of intersection of the > 
bisectors of its interior angles. ч 
i.e. In the opposite figure : 
If the circle M is the inscribed circle of the triangle ABC 
then M is the intersection point of the bisectors of the 
interior angles of A ABC 


С 


The common tangents to two circles 


* It is said that the tangent AB is an internal common tangent to the two circles M and N 
if the two circles M and N are on two different sides of the tangent. 

• It is said that the tangent AB is an external common tangent of the two circles M and N 
if the two circles M and N are on the same side of ‘the tangent. 


The following table shows the number of the common tangents to two circles in their 
different situations (locations) : 


Two distant circles Two circles touching externally 
L3 


= 
А 


4 common tangents 3 common tangents 
* L, and L, (external) * L, and L, (external) 
* L, and L, (internal) ° L, (internal) 
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Two intersecting circles Two circles touching internally 


Li 
« 
LI. 
I: 


2 common tangents One common tangent 


2 


в L, and L, (external) * Lis the common tangent (external) 


* There are no internal tangents • There are no internal tangents 


One circle inside the other 


There are no common tangents 


Angles of tangency theorem (5) and its corollaries 
Definition 


The angle of tangency is the angle which is composed of the union of two rays » one 
of them is a tangent to the circle and the other contains a chord of the circle passing 
through the point of tangency. 


In the opposite figure : 
If ACisa tangent to the circle at À and AB contains the chord AB 
‚Шеп Z BAC is an angle of tangency in the circle M » its chord is AB 


AB is called the chord of tangency of the angle of tangency / ВАС 
A С 


пе) The measure of the angle of tangency = i the measure of the arc intercepted by its sides. | 
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The measure of the angle of tangency is equal to the measure of the inscribed angle 
subtended by the same arc. 


Z BAC is an angle of tangency and Z D is an inscribed angle. 

m (Z BAC)=m(ZD) 

© Z BAC is an angle of tangency. 

7 т (2 ВАС)= 4 (АВ) (1) 

s's Z Dis an inscribed angle 

-m(ZD)- + m(AB) (2) 

From (1) and (2) » we deduce that : m (Z BAC) =m (Z D) 
СогоПагу 1 а.ж. Ж. 


The measure of the angle of tangency is half the measure of the central angle 
subtended by the same arc. & 


In the opposite figure : 
m (Z BAC) (tangency angle) = + m (AB ) 


>* m(Z AMB) (central angle) = т (AB ) 


г. m (Z BAC) (tangency angle) = i m (Z AMB) (central angle) 


tap —— 


The angle of tangency is supplementary to the drawn inscribed angle on the chord of the 


angle of tangency and in one side of it. 


The converse of theorem (5) 
If a ray is drawn from one end of a chord of a circle so that the angle between this ray 


and the chord is equal in measure to the inscribed angle subtended by the chord in the 
alternate side » then this ray is a tangent to the circle. 
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Questions Part (1) 


Geometry 4 
General Exercise оп Unit One Ф 
First: Complete the following 
1) If one end of a line segment lies on the center of the circle and theo n the 


circle, then this line segment is called 
If the two ends of a line segment lie on the circle, then this line.segment is called 


The chord which passes through the center of the circle is c 


The longest chord of the circle is called SEN 
The circle has number of axes of symmetry. 


In any circle the perpendicular straight line “ще om its mid-point is 
a 


to the circle. 
7) The circle divides the plane into 
8) The perpendicular straight line on the dia one end is 
9) The two tangents to а circle at the two diameter are 
10) The equal chords in length of a circle a 
11) The chords of a circle are equidistan its center are 
12) If the point A lies outside the —— then МА........... R. 


13) The line of centers of two in t 


14) If the surface of the circle M N ce of the circle N = (р, then the two circles 
су. of the circle N = {A}, then the two circles 


T dun passing through two given points in the plane 


17) If two circles have three common points, then they are 
18) The radius of the smallest circle drawn to pass through two given points in the plane 


20) If M is a circle of radius г, А is apoint in the plane of the circle: 
(a) I MA = FR, then A ......... the circle 
(b) If MA = R, then А 
(c) If MA = 3 R, then A 
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Second: Match from the column (X) to the column (Y) to get a true statement 
Two circles of radii 8 cm. & 6 cm. 


ииине шши D — 7%. 
THM Tem | aM, Nave wo nesting аде 27 
ЖЕЛІС | BM Nare wo dant акй 7777 
jM, N touching exer 
аа-аа бару — 
SWWW- To | ӨМ, Noung eal 7 


Third : Choose the correct from the given ones : 

1) If the length of a diameter of a circle is 7 cm, and the stfaight line L at distant 3.5 cm 
from its center, then L is SS 
a) Secant to the circle at two points b) Lies outside the circle. 
с) Tangent to the circle is of symmetry to the circle 


If the point A belongs to the 45” м dee cm, then MA equals 


а) 3 cm b) 4 ct c) 5 cm d) 6 cm 
If the straight line L is a tangent обед M of diameter 8 cm, then the distance 
between L and its center equals . 
а) 3 ст )4c c) 6 cm d) 8 ст 
If the straight line L is outsi rele of radius 3 cm and its center M, If L at distance 
X from its center, the 

а) 13, ый eum, æ | PR x ,-6l 


a) Intersects the circle b) Touches the circle 

C) Lies outside the circle d) Passes through the center of the circel 

If the length of the perpendicular drawn from the center of the circle on the straight 
line L equals 6 cm and the radius 6 cm, then L 

a) Intersects the circle b) Touches the circle 

C) Lies outside the circle d) Passes through the center of the circle 
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7) Which of the following points does not belong to the circle that its center is the origin 
and its radius 7 cm? К 
а) (0,7) b) (0, - 7) c) (7 , 0) Ф(7,7) 2 


if the surface of the circle M ñ the surface of the circle N = |А), bv o circles 


Ур 
a) Distant b) Concentric 


c) Touching externally d) Intersecting 


The number of circles can be drawn to pass NS the iof the line segment 


с) 3 ©, an infinite number 


10) If the circle M AN the circle N = (A , В), then the i M and N arẹ 
a) Distant 


c) Touching externally 


11) If the two circles M, N are - ing ex ly, the radius of one of them 5 cm, and 
MN = 9 cm, then the radius of the other ircle equals 
a) 3 cm b) 4 cm c) 7 cm d) 14 cm 


12) If the two circles M, N a internally, the radius of one of them 3 cm, and 
MN = 8 ст, then t ius other circle equals 
a) 5 cm EN c) 11 cm 

13) M and N are e. g circles their radii are 5 cm, 2 cm, then MN = .......... 
a)]3, 7| с) 13,7] di [3,7] 

14) The number of circles that pass through three collinear points equals 
a) zero b) One c) Three d) An infinte number 


15) The symmetric axis of the common chord AB to the two intersecting circles М, М is 


c) MN d) NA 
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16) The centers of the circles which pass through the two points A, B lie on 
a) The axis of AB b) AB = 
с) The perpendicular to AB d) The perpendicular on AB 


17) Number of the circles which pass through three non collinear poi uals 
a) zero b) one с) two d) 


18) The center of the circumcircle of any triangle is the point of intersection of its 
a) Interior bisectors of its angles b) Exterior bisectors of its angles 
i heights d) Тһезуй шшс an aot 16 sides 


19) If the two points A, B lie on a plane AB = 4 cm, then:he length of the radius of the 
smallest circle passes through A and B equals .. 
a) 2cm b) 3cm :) 4cm d) 8cm 


20) If the two points A, B lie on a pane, SA ТЕ the number of circles each of 
them has a radius of 5 cm and m= A and B equals 


a) zero b) 1 d) an infinite number 


Fourth: Answer the Ei 

1) In the opposite figure “5 
ABC is a triangle ina of center M, 
MD 1 АС, ME A 


BC = 8 cm Find 


2) In the opposite figure 
M circle of center M, its radius of length 13 cm, 
AB is a chord of length 24 cm, C is the mid point 
of АВ , MC cuts the circle at D. Find: 
ІП The length of MC [2] the area of A ADB 
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3) In the opposite figure 
A circle of circumference 44 cm, AB is a diameter 
BC isa tangent at B, and m (ZC) = 60°. 
" == 22 
Find the length of BC (я- =) 


In the opposite figure 
М, N are two intersecting circles, MN intersects the circle 


M at C, CA is a tangent to the circle M at C, and cu 


circle N at A, B Prove that : 


[1] CA = CB [2] MA = MB 2-9 
іп 


іп the opposite figure + 
M, N are two intersecting circles, CD is ас 
the circle M, cuts MN at E, if E is the mi int 


of CD Prove that: AB // AY 
D 


M , N are two touching int les at A, the circle M is greater than the circle 
N, draw the common ta ,then draw NM to cut the circle N at В, and draw 
the tangent BD to the ci [t Cut the circle M at D, E Prove that: 

ШАС / BD ъй 

[2] ВО = ВЕ. 


In the opposite figure 

М, N are two congruent circles, AC isa 
common tangent to the circle M at A the, 

DF is а common tangent to the circle N at D, 
AC // DF. Prove that: 

[1] BC = FE [2] AB = ED 
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8) |In the opposite figure 
АВ, CD are two chords (equal in length) in a circle М. 
if X, Y are the two mid points of AB , AC respectively, 
XY cuts the circle at E and F. Prove that : 
XE = YF. 


In the opposite figure 

M, N are two intersecting circles at A, B, 
MN N AB = (Y), AB = AC, if 

X is the mid point of АС. 

Prove that ; NX = NY. 


B 
== 2... 
АВ, CD are two parallel chords "P a oint of AB , EM is drawn 
ғ 


to cut CD at F. Prove that : ЕС = FD. 


11) AB,AC are two chords in a citcle M, if D, e the two the mid points of AB , AC 
respectively, DM is drawn to cut AC ch ME = EF. Prove that: m (ZBAC) = 45°, 


12) АВ isa diameter in a circle Шы.) CD is drawn such that CD // АВ, CX 1 AB 
and DY 1 AB Prove that: AX = 5 


13) | A, B are two points wher AB.= 6 cm, Draw a circle of radius 5 cm and passes through 
the two points A, B. пау ce from the center to AB . 


ich AB = бст, AC =4 cm, m(ZBAC) = 60° . Then draw 


14) | Draw the triangle ABC i 
a circle passes through the two points A, C and its center Є АВ. 


15) | AB is a diameter in a circle M, AC is a chord such that m (ZBAC) = 30°, then draw BC 
and MD .1 AC to cut it at D. Prove that ; 


[1] MD // BC 
[2] BC = the length of the radius of this circle. 
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General Exercise on the Second Unit 
First : Complete the following 
(1) The two opposite angles in the cyclic quadrilateral are 
(2) The chords which opposite to equal arcs in any circle are ........... 


(3) The measure of the inscribed angle equals half the measure of 


(4) In the opposite figure 
In a circle M, m(ZA) = 48°, then: 
(1] MLC) =......... 
PN os 
[21 m (BD) = ,...... " BD is the major arc" 


(5) The quadrilateral is said to be a cyclic MP л re of an exterior angle at any 
a 
vertex equals the of the angle which ite to its adjac А 


ent. 
(6) In the opposite figure 
In a circle М, m(Z CAE) = 36°, then: 
(a) m(ZEBC) = ....... ^ 7 
C 
D 


(c) mGEDC) = ....... 


(7) The inscribed angle which e to a minor arc in a circle is 
(8) The two parallel cho intercept two 


(9) The measure of a о equals double 
eee e from the given ones 


1) The inscribed med) ite to the minor arc in a circle is 
(a) reflex N (b) right 


(c) obtuse (d) acute 


In the opposite figure 
In a circle M, m(ZAMB) = 52°, then 


mí(Z ADB ) = ....... x a 
(а) 52° (b) 104° (с) 128° (ф 308° 8 А 
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3) In the opposite figure 
АВ is a diameter in a circle М, 
m(ZABC) = 40°, then m(BC) = 
(a) 40° (b) 50° 


In the opposite figure 
AB is a diameter in а circle M, 
m(ZABD) = 25°, then 
[1] mLZDAB) = е 


(а) 25° (b) 50° (c) 65° Se 90° 


(2) m(ZDCB) =......° 
(а) 50° (Ы) 100° оз) ео 


In the opposite figure 

Two concentric circles at M, AB N СО- (M 
cs APE 

if m(BD) = 80°, then m(AC) = 4... 


(а) 40° (b) 80° 


Using the following figures 


Figure aN _ Figure (2) 
In Figure (1) : A circle‘of center M, m(ZMBC) = 32°, then m( BC) = ....... : 


(a) 16° (b) 3 (c) 64* (d) 116* 


In Figure (2) : AB is a diameter in a circle, 

om F7» eM cn on 
m(AC) = m(CD) = m( DE) = т( EF ) = m( FB ), then m(ZDXE) = ......° 
(a) 18* (b) 36° (c) 54° (d) 72? 
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Model Answers Part (1) 


First Complete: 
(1) radius (2) chord (3) diameter eter 
(5) infinite (6) axis of symmetry E 
(8) tangent (9) parallel (10) its snr 
(11) equal in length (1 a» 2. 
(13) perpendicular to the соттоп с and bisect it 
(14) distant (15) touching SN 
(16) infinite (17) congruent (coinei ) 


(18) half the length of the line seg t joining the two points. 
(19) the centre of the nx Ei 


(20) inside — lies on — outs 
Second match: N 
(1) (d) (2) (e) М (а) (4) (с) (5) (0) 


Тһіга сһооѕе : Xy 
(1) c ae) (3) b (4)a (5)a 


(6) b (8) с (да = (10) d 
(11) b ig (13) c (14a (15) с 
(16) а a2 (18) d (19a  (20)c 
Fourth Answer the following questions: 
(1) + Мр АС , МН 1 АВ 
- D,H are mid points of AC and AB respectively 
> ОН =5СВ =8 + 2=4ст. 


Final Revision [Rules + Questions + Answers] Geometry 3" Prep. 2" Term [28] 


(2) ~ Cisa mid point of АВ 
~ MC L AB 
In A AMC 
МС? = АМ? — АС? = 169 — 144 = 25 
МС = 5 ст ‚УМО = 13 ст" 
~ CD = 13-5 = 8 ст. 
area of A ADB = = x AB x DC 
-:х24х 
сіг. = хо 44-7 xp 


.ЫӘ-14ст ~N 


ә BC is a tangent. 
- m(zABC) = e 
.BC=1AC | 
Let BC =x Е TN 
АС? = АВ? + BC? 


(2x)? = (14)? + 21 

Ax? = 196 + х 

3x? = 196 x? = 65.33 

“x= СИК cm = BC 

(4) “СА and CH are two tangents 


“МА LAC ‚МВ 1 BC 

~ m(zA) + m(zB) =180° 

~ AMBC is acyclic quad. 

-~ m(z DMB) = m(z ACB) 
Exterior = opposite interior 
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(4) Іп сігсіе М + AC is a tangent 
MC 1 AC “Семм 
„МС L AC 


In circle М, 


In circle N , АВ is a chord 
; ^ MN L АВ ; 
- Cis a mid point of AB 
АА AMC , BMC 


~ MC is common side “УӘ 
5 CA=CB <: 
? 


‚ т(2 МСА) = Sq) 
~ AAMC =A EN 
= МА = MB BN 


(5) -M,Nare two inte ing circles, AB is the common chord. 
ММ LAB ,-. )= 90° 


© Eis a mid 

АЕМ LCD сі = 90° 

т (4 А wj CEF) = 90° corresponding angles 
=~ CD//AB с 

+ АС is the common tangent 

: MN 1 AC 

- B e MN, ED tangent (М) 

> MN 1 DE 
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~ САЛ DE 
+ MA L DE = DE is a chord in circle M 
- B is the mid point of DE 
~ BD = ВЕ 
(7) construction :. Draw AX and DY 
- AB is a tangent to circle M at A 
МА L AB ,-AC//FD 
« m(z AXE) = 90° 
г DE is a tangent to circle М ар. 
-ND 1 DE ; C // FD 
- m (2 DYB) = 90° :£ 
г. AXDY is a rectan ый - AX = DY 
v M and N are two con nt circles 


(1) (1°) 
(2) 


similarly y is the mid point of BC 
“ЕҒ-ВС & ВҮ= ХЕ (8) 

Subtracting (3) from (2) 
~ AB = DE (2^4) 
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(8) construction: Draw ML 1 EF 
~ хапа y are mid points of AB and АС ш ely. 
- MX 1 AB and MY 1 AC 
+ АВ = СО 
? 


~ MX = МҮ 
A MXY is ап isosceles A 


КЕШУ (1) Ж: 


* ML 1 the chord ЕЕ SEN 


4 ELS LF (2) 
By subtracting (1) from (2) ` 
We get XE=YF 


(9) ~ MN are two че cles. 


> ММ 1 AB N 

~ x is the mid point of A 

- NX 1 AC NG 

~ AB = АС Xy 
к 


- МХ = МҮ 


| к. m of АВ 


> AB // CD 
- MF 1 CD 
+ Fis a mid point of CD 
> ЕС = РО 
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(11) ~ E, Dare the mid point of AB and AC respectively 
^ MD 1 AB 
ME 1 AC 
In A EMF 
:m(2MEF)=90° ,ЕМ-ЕҒ 
+ m(z EMF) = a = 45° 
М (/. EMD) = 180° - 45° = 135° 


In the quad ADME SEN 
m (4А) = 360° - (90° + 90° + we’ 
Y 


(12) constructions: Draw AC кё, 
+ СР//АВ 
+ 


„т (DB) =m (АС) +, ғ) 


^ AC = BD N 
AA AXC and BYD 

M (DYB) =m s 
CX = DY 

AC = DB SN 

2A Асау 

АХ = ҮВ Y 
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(13) The distance is the length 
of the perpendicular from 
the centre of the circle to AB 
Distance = 4 ст. 
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(15) ~ AB is a diameter 
>т (ZACB) = 90° 
inscribed (semicirlie) 
~ m (z ADM) = т (2 ACB) = 90° 


(corresponding) 


~ DM//C 


7-3 


~ A ABC right angled at c 


+ m (2А)= 30° 


(1) sonora (2) equal in length 
(3) cent ubtended by the same arc. 
(4) (1) NN (2) 264° (5) measure 


(6) a) 36^ b) 72° c) 144? 
(7) acute angle (8) equal 


(9) the inscribed angle subtended by this arc. 
Second :Choose: 
(1) c (2) c (3) d (4) d (5) d (6) d,a 
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Questions Part (2) 
1) Choo 
1- The angle of tangency included between 
a- two chords b- two tangents 


c- chord and tangent d- chord and diame 
а 


2- The number of tangents сап be drawn from NY n a circle equals. 
3- The number of common tangents can be drawn о concentric circles equals 
7-3 


a-zero b-one d-three 


› Ly 
4-in the opposite figure AB чан B 


tangents , m (4А)= 60° If ABS UN m, 


then the length of CB equals. 2 


а-3ст baer | c-5cm d-8cm 

5- The number of Eire can be drawn to two touching internally 
circles MENT, 
a- one p" c- three d- four 
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6- Using the following figures choose the correct answer 


a-40° b-70° c -110° 


In figure 2: if m(ZABM)=40° , then m(ZACB) = ......." 


a-80° b- 100° с180° 7. а db 140° 


а- 20° b- 40° 


In figure 4: if m(ZBAD) =120°, SN RE 
a- 15° b- 30° - 45° 
7- In the opposite figure: 5 
if BD isa tangent to ae 
m(ZBAM)=25° then y 
S c-65° 


a-25° % 
8- In the opposite figure: 


BA Isa tangent to the circle М, 


if MB = 5cm , АС= 8cm , then АВ- 


a- 5cm b- 10cm d- 13cm 
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9- It is possible to draw a circle passing through the vertices of a 
a- trapezium  b- rhombus c- parallelogram 4- rectangle 
10-in the opposite figure 
"м, ~ 
If m (XZ) =70° , m( YN )=30° ,then m(ZE)=......... 3 
a-20* b-40* c-50* d-100* 


(2) Answer the following questions 


қа 
(1) (a) Prove that the two opposite angles іп a cyclic ФА 
quad are supplementary. 


(b) In the opposite figure 
ABCD is a quadrilateral in which AB=AD, 
m (ZABD) = 30° and т(4С) = 60°p 
ABCD is а cyclic quad. ^ 


(2) ABCD is a cyclic aiti NN AB //CD , if E is the mia point of AB 
.prove that: ЕС- Ер. 


(3) In the opposite figur SS 
МС п AB = (c) Pie the circle at D. 
m(ZMAB) =20° , Fi wo чү 
1- m (Ай) Y) 2- m(ZDEB ). 


(4) ABC is an acute 3. triangle drawn inside a circle. draw AD 1 BC to cut BC at 


D and cuts the circle at E circle , then draw CN 1 AB to cut AB at N . prove 
that: 


1- ANDC is a cyclic quad. 
2- m(ZBND) =m(ZBED) 
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(5) ABC is an equilateral triangle drawn inside a circle, D is a point on the arc AB, E 
is a point on DC such that AD = DE . Prove that: 


1- ADE is an equilateral triangle. 
2-DB //AE 

3- m(ZDCB) = m(ZEAC) 

4- DB=EC 


(6) In the opposite figure : 
т 


ABC is a triangle in which АВ -АС. BC is а с < 
іп the circle M, if AB , AC cut the circle at D, Е prove that: 
BC // DE and if m(ZDCA) = 30° and m(ZA) 


1-m(ZBEC) 3- m(ZCDE) 


A 


Ф 
(7) (а) prove that the angles саа same arcs іп the circle are 


equal in measure . 
(b) In the opposite figure ABC is ngle 
in a circle, BX L АС, 


Cuts it at Y and -— at Z, prove that: 


1- ABYX isa MP S * 2- BC bisects ZXBZ 


(8) In the op 
Шы с 
AB is a diameter of a circle M, СЄ the circle, <> р 
т(2САВ)= 30°,0 is the mid-point /ж\ 
ue. xc um B А 
of the arc AC and DB п AC={E}. 


1- find m(ZBDC), m(ZABD) 


2-prove that A ABE is an isosceles triangle. 
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(9) In the opposite figure 
AB is a diameter of a circle M,D is the mid-point 


of the arc Ac Draw DM to cut the circle at E, BF 
is a tangent to the circle to cut AC at F. prove that : 
1-MBFD is a cyclic quad. 2-DE //BC. 
(10) In the opposite figure 
m (ZBAC) =m (ZBDC) =90° 
E is the mid-point of BC and m (ZAED) =48° 
1-find m (ZABD) a 
2-prove that: (а) m (ZABD) = m ( ) 
(b) m (лк) = әне) ы 
(11) ABCD is a quadrilateral drawn іп e, draw EF//CB to cut CDat E cuts AB 
at F, DF NCB ={x} .prove that: 
1- AFED is a cyclic quad. SY 
2- m(ZBXF) = m (ZEAD) X 


(12) A is a point outside raw ABto cut the circle at B,C respectively, then 


draw АР to cut аҹ) respectively, if AC= AE prove that: 
1-BD//CE 2- m(BC) =m(ED) 


(13) In the opposite figure 
A semicircle of center M, AD //BC , 


Prove that ABCE is a parallelogram. 
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(14) In the opposite figure 

ABCD is a quadrilateral in a circle M, AX bisects ZBAC, 
DY bisects ZBDC, prove that: 

1- AXYD is a cyclic quad. 


2- ХҮ// BC 


(15) In the opposite figure 
m(ZC)=70° , the length of CD = the length of BC 
MN n CD- {F} and DA n the circle = (E). find» 


M(ZBDC) , m(ZBAD) and m(ZBME) 


Р + 
ы “ V = те 
(16) АВ is а diameter of a — ,D € AB.draw the tangent DCat C, draw 
CB ЛЕЕ CBsuch that DE=DC prove : 
1-ACDE is a cyclic quad . 9 
2- AE is the sects of the figure ACDE. 
о 


3- DE isthe tangent 


y’ 


ircumcircle of the triangle ABE. 
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Model Answers Part (2) 
(1) Choose: 


1)с 2) опе 3)a 4)b 
6)c,c,b,b 7)c 
Answer the Following P.170 
(1) (a)Given: 
ABCD is cyclic quad . 
R.T.P. m(zA)«m(ZC)- 180° 


m(ZB)* m(2D)=180° NM) 


proof : m(ZA)= 5 m(BCD) and т(/С)= ;m ) қ 


"m(zA) + т(4С)=> [m(BCD)+ m(BAD А the circle 


= 5 х360° =180° similarly c e =180° 


(b) < A ABD is ап isoscele 


+ m(ZABD) =30° YY 
2 m(ZA) =180° — (30°30 o 


© m(ZA) + m(zC) = 180° 


^. ABCD is n 
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(2) AB’ //CD -. m( BC) = m (AD 1] 
"Eis the midpoint of ( AB ) 
т (ВЕ) =т (AE)[2] 


by adding [1] and [2] 


=, ош” 


*^m(CE)2m(DE) 


^ EC zED 
(3): MC 1 AB, т(/А)=20° 

^. m(ZAMC) = 180 - (90420) =70° 

(ZAMD) is a central angle subtended by are ( A 
„ m(AD)-70^, ~ MC L AB 

АА MCA and MCB 

"MA-MB-r 

* AC — BC 

~ m(zMCA)—-m смет 44 


:. AMCA = A MCB с 
~ т(2АМС) = т PANNI „т (ZBED) =- ст (ZBMD) 


-70--2 =35° (inscribed al angles subtended by the same are (BD) ) 


(4) “Ар 1 BC, 

^ m(ZANC) = 

Subtended dry the chord AC 

and on one side of it -.ANDC is cyclic quad. C 


*m(ZBND) = т (ZACD) exterior = opposite in terior 


A 
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v (<ВЕА) and (ZBCA) two inscribed angles subtended by same are (AB) 


^ m (ZBED) = m(ZBND) 
(5) > А ABC is an equilateral A 
^ m (2В)= 60° 


г ZB, ZD are two inscribed angles 


subtended by the same are ( AC) < m(4D)=m 


> AD=DE ~. т (2рАЕ) =m (ZAED) = 


* A ADE is an equilateral A SY 


ZCDB and ZCAB are two inscribed angles s nded by the same are CB 
^m(ZCDB)- m(ZCAB) =60° ~ LED) =60° (equilateral A) 

" m(ZAED) = m(ZEDB) =60° а angles 

„ДЕ //DB Q [2] 

с AADE is an equilateral А... m (ZAED) =60° (exterior angle) 


^ m(ZAED) =m( ZEA CA) >Z EAC + 2 ЕСА = 60%-1 
72 "РСВ + 2 ЕСА =.60° 
Егот 1,2 .. к. ZEAC) ^3 

B 


In AA АОВ ,AE , ¿BAD are 2 inscribed angles sub tended by same 
are ( BD) 


„ m(ZBCD) = m (2ВАр) ^4 

From 3,4 

„т(2ВАр) = т(2ЕАС) & AB=AC& АЕ= AD 
^ AADB = А АЕС 
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^ DB=EC 

(6)In A АВС, AB = АС -- A ABC isan isosceles. 

^ m(ZABC) = m (ZACB) 

„ m(DEC) = m (EDB) > 1 

Subtract т (ED) from 1 -. т( EC) = m(DB) « BC | 
>” m(ZA) = 50°, AB =АС 


180°-50° — 


^ m(ZACB) = ^ 


65* “т(4 
«m(zDCB) = 35° ~ т(2 DBC) = УӘ 
^InADBC >. т(2Врс) = 180° — 


~ Z BDC, 2 BEC subtended е 


«m(zBEC) = 80° , Sm омы (2 BDC ) are central, inscribed angles 
subtended by same = 

„т(&ВМС)= — x 80° 

~ m(ZBMC) у “ 

* AB is a straight ine, "m(Zz BDC) = 80° 


^ m(ZADC) = 100°, ~ ED //BC 


^ m(ZADE) = 65° 


„т(2СреЕ) = 100° — 65° = 35° 
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Given: 4С, 2р are inscribed angles subtended by same are AB 


R.t.P.: m (2 c) =т(2 D) 

“т(4С) =imAB ‚т( 4D) =;тА 

* m(z с) =т(2 D) 

()!п ДАВС © BX 1 AC ~ m(ZAXB) =90° 
v AY 1 ВС 2т(/АҮВ) =90° 
* m (4 АХВ) = m (2 AYB) 


& drawn on one side of its sides as a base , on o 


г. AXYB is a cyclic quadrilateral 
М) 
„т(2 ХАҮ) = т (2 ҮВХ) & 
е ZC 


ғ (2 XAY),(2 XBZ ) are subtended 
^ m (4 XBY) = m (ZYBZ)... ғ) 


». BC bisects /Х82 N 


(8): AB is a diameter - 290^ 


vm(ZBAC) 230? & m(ZBDA) -90* 
> m(ZABC) st har 
« Dis — „Ар = 
> m[ZABD) = m(ZDBC) = 57- =30° 


C 


^ m(ZABD) =30° 

> ABCD is a cyclic quadrilateral 

« m(ZABC)+m (ZADC) =180° 

^. 60° +m({ZBDC)+ m(ZBDA) =180° 
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2 m(Z BDC) =180°- (60? +90°) 230? 
^ m{Z BDC) 230^ 

In AA BCE,ADE 

* m(ZBCA) = m(ZBDA) =90° 
& m{Z CBD) = m(ZCAD) (subtended by same Arc CD) 
& m(ZBEC) = m(ZAED) (V. О .А) 


^ABCE = AADE v» ВЕ = ЕА 


(9) + BF isa tangent to circle M ( with a dia 
г т (ZABF) =90° 
& ~ D is midpoint of AC 

^. m(ZMDF) =90° 

^. MBFD is a cyclic ES 

у AB is a diameter . 


^ Mis midpoint of AB& D is INA 
„БЕ //BC NY 


(10) construction : X 


Proof: > m(ZBAC) = т ) -90% 
^ figure ABCD is cyclic quadrilateral and BC is a diameter in the 
сігситсігсіе 
"Eis midpoint of BC 
^ Eis Centre of circle which passes through points A, В, C and D. 
. m{ZABD) =; m(ZAED) =24° 


inscribed angle & central angle of same arc ( AD) 
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“ ABCD is a cyclic quadrilateral 
> m(ZABD) = m(ZACD) (drawn on AD& on one side of it ) 
& © m(ZBAD) = m(ZBDC) =90° 2 


ВС isa diameter & ~ Eis the midpoint of BC 
^ Eis the center of circum circle of ABCD NA 


t 
^ Z ABC & 2 АЕС are inscribed & central angle чў by arc AC 
^. m(ZAEC) = 2m(ZABC) 


(11): EF// BC SEN ы 
^. m(ZFED) = m(ZBCD) > €— ) 
& ~ ABCD is acyclic quad . Е 


г m(ZFAD)+ m(ZBCD) =180° as 
+ 


From1&2 4 ғ) 
^. m(ZFAD) + m(ZFED) aN 


^, AFED is a cyclic quad . 


ws 
^. m(ZEFD) = m(ZB ponding angles ) 


& m(ZEFD) = m(Z Irawn on ED and on side of it )& 
( AFED is a cyclic м 
^ m(ZBXF) = m(ZEAD) 
(12) in A ABC w AE =AC 
* A ABC is an isosceles A 


2 m(ZACE) = т(2АЕС ) ^ [1] 
~ СВОЕ is acyclic quad . 
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& m(ZECB) + m(ZBDE) =180° 
From 18, 2 


« m(ZCED) + m(zCBD) -180* 
(2) 


t 
< m(Z DBC) + m(ZBCE) =180° & m(ZBDE) + m(ZDEC) =180° 
“ВВ //СЕ хт(ВС)-т(ЕВ) NA 
(13) In A ABD "AB -BD 


“ 


^. m(ZA) = m(ZBDA) 
" m(ZBCE) = m(ZBDE) (2 inscribed angie nded by ВЕ) 
2 m(ZA) = m(ZBCE) > [1] 


+ АР// ВС -. 2 A supplements <АВ supplements / АЕС 


^. m(ZABC) = т(2АЕС) — [2] 
From 1&2 2 


2. ABCE is a parallelogram. x 


(14) - ABCD is a cyclic BAN 


^ m(ZBAC) = — BC & on one side of it ) 

4 2 1 m(zBAC) = zm 

^ m(ZXAY) = т( ХО they are draw on XY & on one side of it 
^. AXYD is a сус uad " ABCD is a cyclic quad 


^. m(ZCBD) = m(z ) (drawn оп CD & оп one side of it ) 
~ AXYD is a cyclic quad 

^ m(zYXD) = m(ZYAD) —^[2] from 1&2 

> m(ZCBD) = m(zYXD) similarly ~ m(ZBCA) = m(ZXYA) 
XY // BC 
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(15): CD= CB | «CD-CB 
^ А CBD is an isosceles A 
“т(/ BDC )= AL 

т (BDC) = 55° 

~ ABCD is a cyclic quad 

. m(ZBCD) + m(ZBAD) =180° 


^. 70°+m({ZBAD) =180° 
~- m( 2. BAD ) = 110° 
+ DE is a straight line 
^ m(ZEAB) =70° 
2. EAB & Z ЕМВ are central Ж inscribed angle subtended 
г m(ZBME) =70° x 2 = 140° 
(m (ZBME) =2 m(ZBAE) ) 
(16) “ CD =DE 
^ ACDE is an isosceles A 
2 m(ZDCE) = m(ZDEC) 
~ РС is a tangent at С 


^ m(ZDCB) = m(ZCAD) 

г m(ZCAD) = m(ZCED) 

(drawn on CD & on ALY ) 

^. ACDE is a cyclic à 

+ AB isa — 

^m(ZACE) = 

^ AE isa diameter in circumcircle of figure ACDE 
“ ACDE is a cyclic quad 

^ m(ZDCE) = m( ZDAE) 


(drawn on DE and on one side of it )& > m(ZDCE) = m(ZDEC) 
^. m(ZDEC) = m(ZDAC) 
^. DE is a tangent to circum circle of A ABE. 


Corollary (1) 


The straight line passing through the center of a circle and the 
midpoint of any chord of it is perpendicular to this chord. 


if AB is a chord of a circle M and MC is drawn 


> Cis the midpoint of AB 


% МС 1 АВ 427 4 В 


Corollary (2) 
The straight line passing through the center of a circle and 
perpendicular to any chord of it bisects this chord. 


AB is a chord of a circle М and MC is drawn 
~ MC LAB 
~ Cis the midpoint of AB 


. AC = CB 


| Тһеогет 


If chords of a circle are equal in length, then 
they are equidistant from the centre. 


" АВ = Ср 


А МҮ = МХ 


Important example 


ABC 1s a triangle in which AB = AC. circle M was drawn with diameter 
BC intersecting AB at D and AC at E ; A 
MX L BD, МҮІСЕ prove that : BD = CE 


Solution 
In ACMY, ABMX 
+ MB = MC (two radii) 
* m(ZCYM) = m(ZBXM) = 90° 
*m(ZB)=m(ZC) (because AB=AC) 
> ACMY = АВМХ 
> МХ=МҮ „but MX L BD and MY 1 CE 


> BD = СЕ 
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EXAMS QUESTIONS 


1) In the opposite figure: B 

AB and AC are two equal chords in circle M , X and Y D 

are the midpoint of АВ and AC т(/А) = 70° U 

а) Find m(ZDME) C Jy 

6) Prove that XD = YE t 

2) In the opposite figure: à 

BC and АВ are two chords in circle M , X and D ОС 

аге the midpoint of AB and АВ m(ZB) = 56° , MD = 8cm FAI 
BN D| „А 

a) Find m(ZXMD) Е 


6) Find the length of ОЕ 


3) In the opposite figure: 
YN=3cm, MY LBD,Nisa midpoint of MB 


Find area of circle M (m= =) 


| 4) In the opposite figure: 


AB is a chord in a circle, M , BC is a diameter on іё, ЖЖ 


D is the midpoint of АВ c я 
7) Prove that MD // AC 
2) Find m (ZA) 


5) In the opposite figure: А 
АВ = AC, X is the mid-point of AB, Y is the mid- pent 
of AC prove that: DX = HY 


00 
о 


6) In the opposite figure: 
A circle M, MD L AB, m(ZA) = 30° 


7) Prove that MD // AC 
2) Find m (ZA) 


| 7) In the opposite figure: 
A circle M, MD L AB, ME L AC, where MD = ME 
m(ZEMD) = 120° 


prove that A ABC is equilateral. 


8) In the opposite figure: 
ABC is a triangle in which AB = AC. circle M was drawn 


with diameter BC intersecting AB at D and AC at E, 
MX 1 BD, MYLCE prove that : BD = CE 


First : Position of a point with respect to a circle. 


a A is outside the circle e A is on the circle @ A is inside the circle 


HOS 


So: МА >т So: МА =г So: МА <r 
апа уіѕе уегѕа and vise versa ancl vise versa 


Second: Position of a straight line with respect to a circle: 


a the straight line L is located e the straight line L is Ə the straight line L is 
outside the circle M a secant to the circle M tangent to circle M 
LN circle М = $ LN circle M = (C, D} LN the circle = {A} 


L 


So: MA >r : So: МА = г 


апа уіѕе уегѕе and vise verse 


A tangent to a circle is perpendicular to the radius 
at its point of tangency. 
~ AL isa tangent 
- AM is a radius 
: — — L 
“АІ L AM X 
^ m (Z MAL) = 90° 
If a straight line is perpendicular to a diameter of a circle at one 
of its endpoints, then it is a tangent to the circle. 
> AL LAM 
- AM is a radius | 
AL isa tangent 
ДИЛ» 
МВ.АМВ ALFEKY : 010 928 0 99 58 \ 3) 


е ? 
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| 1) Choose the correct answer : : 
D If M circle with radius length = 4 cm and A is a point in its 
plane, MA = 3 cm, then A is ............... circle M. 
( inside - on - outside ) 


2) If M circle with radius length = 4 cm and A is a point in its 
plane, MA = 4 cm, then Ais ............... circle M. 


( inside - оп - outside ) 


д) If M circle with radius length = 4 cm and A is a point in its 


plane, MA = 5 cm, then A is ............... circle M. 
( inside - on - outside ) 
4) A tangent to a circle is ........................ the radius 


at its point of tangency. 
( perpendicular to - parallel to - bisects ) 


б) If a straight line is perpendicular to a diameter of a circle at 
one of its endpoints, then it is a ...................... to the circle. 


( axis of symmetry - tangent- chord ) 
6)In the opposite figure: m (4 AMB ) = 


( 25° - 35°- 45° ) 


| 2) In the opposite figure: B 
AB is a tangent to the circle M, E is the midpoint Pa 
of the chord СО, m (/ АВС) = 50° i» 
Find : m (2 AME) uu 


3) In the opposite figure: 


AB is a tangent to the circle M, AM = 6 cm 
AB = 8 cm 


Find : The length of DB 


| 4) In the opposite figure: 
AB is a tangent to the circle M, АС = 8 ст 
MB = 5 cm 


Find : The length of MC 


5) In the opposite figure: 
AB is a tangent to the circle M at A and 


AM = 8cm, т (Zz ABM) = 30° < 
Find the length of each : AB and АС AN 


6) In the opposite figure: 


AB is a tangent to the circle M at A and 


m (4 ABM ) = 30° ж 
prove that : AY = BY à Р 
А 
8% 
552% 


Position of a circle with respect to another circle 


1) MN > г, + г the two circles are distant 


2) MN = г; + r the two circles are touching externally 


3) г. – г <MN < г + г; the two circles are intersecting 


4) MN = г; – гг the two circles are touching internally 


б) MN < г; — г the two circles аге one inside the other 


6) ММ = zero the two circles are concentric 


1) In the opposite figure: 


M and N are two congruent circles , AB // MN was drawn and 
intersects circle M at A and B and intersect circle N at Cand D 
Prove that : AC = BD 


Solution 


Construction : Draw ME 1 AD , MF 1 AD 


- EF/MN , т (ДЕ) = 90° m (ZF) = 90° 


> МЕ/МЕ 


“ MENF is a rectangle ~ ME = NF 
М апа N are two congruent circles > АВ = CD 


By adding BC to АВ and CD 


- AC = ED 


В 
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1) Choose the correct answer : 


1) If the surface of the circle M N If the surface of the circle N = 
Ø , then the two circles are ........................ 
(Distant - touching externally - intersecting ) 


2) If M and N are two centers of two circles with radii г: , г , 
where MN »r1-4r2 ,then the two circles are ........... 
(Distant - touching externally - intersecting 


3) If the surface of the circle M n If the surface of the circle N = 
{A} , then the two circles are ........................ 
(touching externally - touching internally - intersecting ) 


4) if the surface of the circle M N If the surface of the circle N = 


the surface of the circle N , then the two circles аге ............... 
(Distant - touching externally - опе inside the other) 


0) M and N are two circles touching externally , their radii 9cm , 
4cm , then MN = .............. cm (5cm - 7cm - 13cm) 


6) M and М are two circles touching internally , their radii 9cm , 
4cm , then MN = .............. cm (5cm - 7cm - 12cm) 


7) M and М are two circles, their radii 7cm , 5cm , then MN = 
12cm , then the two circles are ......................... 
( Distant - touching externally - touching internally ) 


8) M and М are two circles, their radii 7cm , 5cm , then MN = 


9) M and N are two circles, their radii 7cm , 5cm , then MN = 
15cm , then the two circles are ......................... 

( Distant - touching externally - touching internally ) 
70) M and М are two circles, their radii 7cm , 2cm , then MN = 
3cm , then the two circles are ......................... 

(Distant - touching externally - опе inside the other) 
77) The radius of circle M is бст The radius of circle Nis 5cm , 
then MN = 3cm , then the two circles are ......................... 
(touching externally - touching internally - intersecting ) 


12) M and N are two intersecting circles their radii 4cm and 6cm 
then MN € .............. ( ]2,5[ , ]2,10[ , ]4,9[) 


1) In the opposite figure: 


Two concentric circles М ‚АВ is a chord 

in the large circle and intersects the smaller 
circle at C and D ,AE isa chord in the larger 
circle and intersects the smaller circle 


at Zand L. if m(ZABE) — m(ZAEB) 
then prove that : CD — ZL 


2) In the opposite figure: 


Two concentric circles М, AB is a chord 
in the larger circle and intersects smaller 
circle at C and D. is a chord in the larger 


circle and intersects the smaller 
circle at Z and L where AB = EF 
Prove that: 7) CD = ZL 2) AD = ZF 


3) In the opposite figure: 


The two circles M and N intersects at A and B 


CD is a chord in the circle M cuts MN at E / 
, If Eis the midpoint of CD \ 


Prove that AB // CD 
8%, 
с», 
Ө 


4) In the opposite figure: 
The two circles М апа N intersect at A and В. 


is drawn MX 1 AC MN is drawn , AC = AB 
7) Prove that : MD = MX 2) Prove that : XY = DE 


5) In the opposite figure: 
M and N аге two intersecting circles At A and В, m(ZC)-55?, 


m(ZN)=125° Prove that : CDisa tangent to the circle 


6) In the opposite figure: 
M and N are two congruent circles , AB // MN was drawn and 
intersects circle M at Aand B and intersect circle N at C and D 

Prove that: A 


$ Z AMB is called central angle 


€ m( AB) = m(z АМВ) 

% Z AEB is called inscribed angle d 
% m(Z AEB ) = т(/. АМВ) (subtended by АВ) 
Ф (4 AEB ) -2m( АВ) 


% Central Angle : It is the angle whose vertex is the center of 
the circle and its sides contain two radii of the circle. 


% Measure of the arc = The measure of the central angle 
opposite to it. 


% Inscribed angle : An angle the vertex of it lies on the circle 
and its sides contain two chords of the circle. 


$ The measure of the inscribed angle = half the measure of 


the central angle subtended by the same arc. 
$ The measure of the inscribed angle = half the measure of 


the opposite arc. 


% The inscribed angle drawn іп а 


semicircle is a right angle. 
> Z AEB is drawn in а semicircle 


> (Z AEB)=90° 


Corollary 
$ If two parallel chords are drawn in a 


circle, then the measures of the two 
arcs between them are equal. 


> AB // CD 


. m( AG) = m( BD) 


Corollary 


$If a chord is parallel to a tangent of a 
circle, then the measures of the two 
arcs between them are equal. 


> AB // CD 


. m( AC) = m( BC) 
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| Corollary 


$ If the measures of arcs are equal, then their chords are equal 
in length, and conversely 


In circle M And conversely 
A A 


a Fe Ф E Жы, B 
ы m а iret ПШ) = :AB-CDthen: —— 
length of AB= length of CD 2 m(AB)-m(CD) 


Theorem 

$ In the same circle, the measures of all inscribed angles subtended 
by the same arc are equal. 

72 С, 2 Папа Z Eare inscribed angles 


= m(ZD) = m(ZE) 


$ In the same circle or in congruent circles, the measures 
of the inscribed angles subtended by arcs of 
equal measures are equal 


+ m( AC)  m( ÉD) 
. m(ZC) = m(ZD) 


Exercises from school book and governorates’ exams 


» Exercises on the measure of inscribed angle with 
respect to the measure of arc : 


1) Complete the following figures : 


» Exercises on the measure of inscribed angle with 
respect to the measure of equal arcs: 


2) find the value of the symbol in the in^ figures 


f а 
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» Exercises on the measure of inscribed angle with : 


respect to the measure of the central angle : 


3) find the value of the symbol in the following figures : 


| B 

| 4) In the opposite figure: EN 
М is а circle т (4 МАС ) = 35° ғу, 
Find m ( 4 ABC) icu. 


5) In the opposite figure: + 

AB is a diameter in the circle M АҒ 
with radius length 4 ст, m ( Z А) = 30° B 

1) Find m ( 2 ABC) ЖШ 
2) Find the length of BC 


6) In the opposite figure: р E 


AB and CD are two equal chords 


Prove that A AEC is isosceles 


| 7) In the opposite figure: 

A ABC drawn in the circle M 

D € CB such that m ( Z ABD )=120° 
if m ( Z BMC )=100° 

Find with proof m ( Z ACB ) 


8) In the opposite figure: 

The chords AC and BE intersects 

At X, Mis the centre of the circle, 

if m(ZBAC)=40° 

Find: 

1) m(ZBEC) 2) m(ZBMC) 3) m(BDC) 
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: The quadrilateral is a cyclic if one of the 
following conditions is verified: 

1) If there is a point in the plane of the figure such that it is 
equidistant from its vertices. 


2) If there are two equal angles in measure and drawn on one 
of its sides as a base and on one side of this side. 


3) If there are two opposite supplementary angles " their sum =180" 


4) If there is an exterior angle at any of its vertices equal in measure 


to the measure of the interior angle at the opposite vertex. 


C B E C B 


In the opposite figure: Жаа 1 
AB is a diameter in circle М, X is the midpoint of / р 38 \ 
AC and ХМ intersecting the Te ^ 
tangent of the circle at B in Y. iN / > 
Prove that : ГУ” 
The figure AXBY is a cyclic quadrilateral. VA 

solution и 
“Хіс the midpoint of АС -« MX L AC, m (Z AXY) = 90° 


* AB is a diameter апа, BY is a tangent at B 
- BY LAB, m ( Z ABY) = 90° 

- m (Z AXY) = т (Z ABY) = 90? 

-. Figure AXBY is a cyclic quadrilateral. 


In the opposite figure: 

ABCD is a cyclic quadrilateral with diagonals intersecting 
at F, X € AF and Y € DF where XY // AD. р “ 
Ргоме 1һаї: / | | 
First : BXYC is cyclic quadrilateral. | | / ИЕМ, ba | \ 
Second : m(ZXBY) = m(ZXCY) y / 


solution en 
ғ“ XY//AD | -- m(ZCAD) = m (ZCXY) Corresponding 
> m (ZCAD) = m (ZCBD) both are inscribed and common іп CD 
^ m (ZCXY) = m(ZCBY) (two inscribed angles on the base СҮ) 
^. BXYC is a cyclic quadrilateral 
“ BXYC is a cyclic quadrilateral ~. m (ZXBY) = m (ZXCY) 
because they are both inscribed angles common at CD 
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|1) In the opposite figure: 
M is a circle ABCD is a cyclic quadrilateral , (7 \ 
m(ZC)- 100 d 

“2 


Find: 7 ш(/А) 2) т (ВСВ) 


f à A 
2) In the opposite figure: 0222 
ABCD is а quadrilateral drawn ж 
in the circle №, if m ( ZBND ) = 130° B 


Find: m(ZBAD ) 


3) In the opposite figure: 

ABCD is a cyclic quadrilateral , SS 
m ( Z CDB ) = 40° , BC = DC DQ 

Find: m(ZA ) Na, 


| 4) In the opposite figure: 
AD // BE, m(ZBAD)=100° 
m(ZEDC)=30° , Find: т (ZCDA) 


5) In the opposite figure: С 
ABCD is а cyclic quadrilateral іп which певт 
The length of AD = The length of бё B 


Find : m(ZACD) 


6) In the opposite figure: 
ABCD is a quadrilateral , where AB = AD, 
m(ZABD) = 35°,m(ZBCD) = 70° 
Prove that: 
1) ABCD is a cyclic quadrilateral 
2) 2) CA bisects ZBCD © " 


| 7) In the opposite figure: 
АВ = Ар, т (4А) = 80°, m(2ZC)=50° 


Prove that : The points А, В, Сапа О have 
one circle passing through them. 4 


8) In the opposite figure: 
BCisa tangent to the circle M atC, 


D is the midpoint of EC, MC // AB 
Prove that : 


ABCD is cyclic quadrilateral . 


9) In the opposite figure: 
m (Z ABE) = 100* , m (ZCAD) = 40° 
Prove that: т ( CD) = m (Ар). 


: 10) In the opposite figure: е” e 
AB is a diameter in circle М, X is the midpoint of / ~ \ 
AC and XM intersecting the A УМ 
tangent of the circle at B in Y . 7 ў ж 
Prove that : Уе 
the figure AXBY is a cyclic quadrilateral. РА 
ЖҮРОГҮ КС Г Г оона еее Л КҮ Г ТТ ; PE 


11) In the opposite figure: 
A circle with center M. X and Y are the two j 
midpoints of AB and AC respectively. а 
Prove that : C 
First : AXYM is a cyclic quadrilateral. 

Second : m (ZMXY) = m (ZMCY) ч 


Third : AM is a diameter in the circle passing through the points 
A, X, Y and М 


| 12) In the opposite figure: 

ABCD is a cyclic quadrilateral with diagonals 
intersecting at F, X € AF and Y € DF where XY // AD. 
Prove that : 

First : BXYC is cyclic quadrilateral. 

Second : m(ZXBY) = m(ZXCY) 


13) In the opposite figure: 
In the opposite figure : ABCD is a cyclic 


quadrilateral which has АЕ bisects ZBAC and 


DF bisects ZBDC, Prove that : Ж 
First: AEFD is a cyclic quadrilateral 
Second: EF // BC . 


: 14) In the opposite figure: A 
ABC is a triangle in which has AB = AC and BX bisects 
“Вапа intersect AC at X, CY bisects ZC 


X Y 
and intersect AB at Y , Prove that : me 
First: BCXY is a cyclic quadrilateral. 


Second: XY // BC 


15) In the opposite figure: 
Circle M n CircleN={A,B} 

C € BA and C ¢ BA draw CX 

to cut circle M at X And Y if D is 

the midpoint of XY and ABNMN={Z} 
Prove that : CDIVZ is a cyclic quadrilateral. 


